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ABSTRACT 

The thesis is presented in three parts. The first part 
reviews factors and constraints to cattle production in the 
Savanna regions of West Africa. It was concluded that 
Kraaling of cattle during the dry season could seriously 
curtail the time available for grazing and may resuit in low 
nutrient intake and liveweight losses. High ambient 
temperature and sini levels sot solar radiation’ could 
increase the heat load on grazing cattle and _ indirectly 
reduce feed intake. Furthermore, the existence of mild 
disease levels within cattle herds could reduce animal 
productivity even among the trypanotolerant cattle breeds. 

The second part of the ‘thesis reports a_e study 
undertaken to estimate the energy cost of eating activity by 
cattle. Five 1.5 year old steers were offered five 
chemically and physically different feeds. Energy cost of 
ingestion was calculated from the increased rate of oxygen 
uptake. The feeds were pelleted concentrate, pelleted 
alfalfa, alfalfa hay, chopped arass_ hay and and chopped 
fresh turnips. The pellets and hays contained approximately 
90% dry matter while the turnips contained only 14% dry 
matter. The rates of ingestion differed markedly among feeds 
during the limited (15 to 50 min) twice daily eating 
periods. On dry matter basis the rates of ingestion were 130 
to 138, 38, and 30 g/min for the pellets, hays and turnips, 


respectively. 
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The energy costs of eating per minute spent eating were 
similar for all rations (27.6 to 35.6 joules/min/kg body 
weight). However, because of different rates of ingestion, 
the energy costs per kg of dry matter ingested per kg _ body 
weight were, for the pelleted feeds 222 to 238 joules, for 
the hays 778 to 1029 joules and for the turnips 1427 joules. 

In part three of the thesis, selected districts in the 
Ghanaian Savanna, respresenting the Sudan, Guinea and 
Derived savanna zones and the cattle management systems 
therein were analysed as case studies. Energy budgets were 
calculated for the typical cattle in the three regions. 

In the Bawku district (Sudan savanna zone) where 
Kraaling and free-ranging is practised during the dry 
season, cattle were estimated to gain liveweight at 0.7 
kg/day during the wet season and, during the dry season, 
lose 0.3 te 0.6 kg/day under the kraaling system and 0.1. to 
0.5 kg/day under’ free-ranging conditions. Overall annual 
liveweight gains were estimated as 41 kg and 79 kg under the 
Kraaling and free-ranging conditions, respectively. 

Estimated liveweight gains for cattle in the Tamale 
district (Guinea savanna zone) were 0.5 kg/day during’ the 
wet season and liveweight losses were estimated to be 
between 0.2 and 0.6 kg/day during the dry season. Annually, 
kraaled cattle were estimated to increase in liveweight by 
only 28 kg. 

Similarly, cattle in the Techiman district (Derived 


savanna zone) were estimated to gain 0.4 to 0.5 kg/day 
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during the wet season and lose 0.1 to 0.2 kg/day during the 
dry season. Total annual liveweight gain by kraaled cattle 
was estimated to be 73 kg. 

Reduced metabolizable energy intake and elevated energy 
expenditure involved in daily activities were determined to 
be major causes of the liveweight losses during the dry 


season. 
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INTRODUCTION 

Grazing cattle spend a considerable amount of time 
engaged in various physical activities, particularly those 
concerned with the prehension and ingestion of feed. The 
energy utilized for activities such as standing, walking, 
grazing and ruminating could account for a large proportion 
of the animal’s daily energy requirement. Over 90% of the 35 
million head of cattle in West Africa are raised in the 
grazing lands of the savanna vegetation zones which are 
characterized by distinct wet and dry seasons. These savanna 
zones are shown in Figure 1. The Derived savanna zone which 
occurs at the northern fringe of the coastal lowland forest 
has 4 to 5 months of dry season (Crowder and Chheda, 1977) 
and the number of dry months of the dry season increases 
progressively northwards from Derived savanna zone through 
the Guinea, Sudan and Sahel savanna zones and finally to the 
desert area of north Africa. 

In the savanna regions the management of livestock is 
largely traditional in technique. Following the rainy season 
when feed is abundant animals gain liveweight but much of 
this gain is lost during the subsequent dry season when the 
cattle are herded over long distances across unimproved 
grazing grounds in search of feed and water. The net annua! 
liveweight gain by young stock is therefore only between 45 
and 70 kg (Mittendorf, 1963, as cited by Oyenuga, 1966). 


These liveweight gains are smal! compared to the performance 
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of cattle on improved pastures in the tropics (Leeuw, 1971, 
as cited by Crowder and Chheda, 1977; Smith, 1970). 

In the opinion of Oyenuga (1975) the bulk of the meat 
produced in West Africa will, at least in the foreseeable 
future, continue to come from the traditional production 
systems. The reasons for this situation are largely 
Socio-economic “and .political. At present, traditional 
farmers find it economically sound to Keep their capital in 
the form of live animals and also because cattle play a 
significant role in their customary practices. An 
unfortunate consequence of this system is the overstocking 
of rangelands particularly in the virtually tsetse-free 
zones of the Sahel and Sudan (Ormerod, 1976). However, 
present considerations make it all the more expedient for 
animal scientists and for others concerned with increasing 
the productivity of cattle in West Africa to examine more 
closely the factors operating within the traditional systems 
of beef production. This thesis examines the environmental 
and other stresses on animals and the effects on the daily. 
activities and the energy status of cattle inhabiting the 
savanna regions of Ghana. bt is hoped that with 
identification and a greater understanding of the extent of 
activity and the energy costs to cattle in these regions, it 
will be possible to determine more precisely the nutritional 
requirements of the cattle. Such knowledge may also help in 
the evaluation of management practices for improved cattle 


production. 
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1. REVIEW OF LITERATURE 

0 Om LO POduer ton 

Animal responses’ to external environmental conditions 
such as climate, nutrition, disease and parasites have been 
reviewed by many researchers including Bianca (1965), 
McDonald (1968), Thompson (1973) and Murray et al., (1979). 
Although studies have been conducted in tropical and 
subtropical environments, there is a paucity of information 
specifically related to the cattle grazing systems used by 
the peasant herdsmen of the West African savanna. Hence, in 
this review, the preponderance of information has been 
obtained from places other than West Africa but has been 
BOLeLpneted swith respect. “to wsconditions prevalent im-West 


Africa. 


1.05052 Climate 
Climate affects the animal in several ways. Firstly, 
climate has direct effects on the animal through ambient 
temperature, solar radiation, relative humidity and wind. 
Secondly, climate indirectly influences the growth of 
forages and the availability of feed for the grazing animal. 
And thirdly, climate indirectly plays a significant role in 
the seasonal incidence of disease vectors. In West Africa 
the savanna areas are characterized by a marked wet and dry 
season. The six or more months of the dry season are hot and 


of low humidity (Benneh, 1971; Oyenuga, 1966; Ussher, 1969). 
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While the direct effects of climate on cattle per se will be 
reviewed in this section, nutritional aspects and disease 
vectors will be considered briefly in the subsequent 
sections. 

Climatic chamber studies involving exposure of cattle 
to hot environments have in general, shown that rectal 
temperature rises in relation to the duration of exposure 
and that an increased respiration rate usually precedes’ the 
rise in rectal temperature (Worstell and Brody, 1953; 
Bianca, 1965). The naturally occurring outdoor conditions 
are not static and the relevance to the natural environment 
of responses of cattle to heat stress in 
temperature-controlled room studies have been questioned 
(Robertshaw and Finch, 1976). For example, thermoregulatory 
responses under outdoor conditions tended to be related more 
to skin temperature than to deep body temperature obtainable 
in climatic chamber experiments (Finch, 1973, as reported by 
Robertshaw and Finch, 1976). 

Cattle under heat stress may lose excess heat through 
evaporative cooling, convection or conduction. High relative 
humidity tends to suppress while mild wind enhances’ both 
convective and evaporative heat loss. Seath and Miller 
(1948) found that cows which had been stressed for two hours 
in direct sunlight cooled more rapidly with a combination of 
shade and a gentle breeze produced by a fan than with’ shade 
alone. Natural cross-ventilation proved superior to no 


cross-ventilation in a free-stall shelter and resulted in 
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significantly lower rectal temperatures and respiration 
rates, and higher milk production (Fuquay et al., 1978). 
Yassen (1977) obtained significant correlations between 
ambient temperature and respiration rates in Boran and 
N°oDama’ ‘breeds: of .cattle in Nigeria: The: Boran breed: ,; 
compared to the N’ Dama breed, was more tolerant of the high 
afternoon temperatures as concluded from the relatively 
smaller increase in respiration rates measured daily at 
14h00m and 16h00m. Where cattle are continually exposed to 
the sun in tropical savannas, the most power ful 
environmental heat stress has been reported to be associated 
with solar radiation (Robertshaw and Finch, 1976) and_ the 
activity of cattle in such regions and, specifically, their 
daily feeding pattern could be related to the effectiveness 
of the animal’s coat in dealing with conditions of high 
radiant heat load (Lewis, 1977). The grazing animal is 
exposed to both direct solar radiation and _ long-wave 
radiation from the ground and other surfaces. In_ studies 
with Zebu cattle (Boran breed) in Kenya, Finch (1976) 
estimated that long-wave radiation accounted for 61% and 
short-wave radiation 39% of the estimated environmental 
radiation absorbed by the cattle coats. In the same studies 
she found that cattle coats absorbed two-thirds of the 
incident short-wave radiation resulting in a net radiative 
heat flow inwards to the animal body. This radiant heat 
represented 71% of the heat load while metabolic heat 


production was 29% of the heat load. Daily fluctuations in 
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heat storage in Finch’s study represented 1% of the energy 
exchanges per day. Lighter coloured coats have been reported 
to reflect more short-wave radiation than dark coats while 
long-wave radiation is almost totally absorbed and is 
apparently independent of coat colour (Hammel, 1956). The 
magnitude of the heat load on cattle arising from radiations 
could be significant especially for the cattle foraging the 
savannas of West Africa during the dry season when grazing 
land is relatively scarce of vegetation and the skies are 
usually cloudless. 

Animals under heat stress tend to reduce their 
voluntary intake of feed (Baile & Forbes, 1974) which may be 
a beneficial response to lower’ their metabolic heat 
production and increase comfort but a reduced feed intake 
reduces potential growth and productivity. Apart from. the 
reduction in feed intake which occurs under conditions of 
heat stress there is an increase in water requirement = and 
evaporative heat loss (Robertshaw & Finch, 1976). 

The effect of high ambient temperature on reproduction 
in farm animals has been extensively reviewed (Bianca, 1965; 
Hafez, 1965; Thompson, 1973). Thus a few points only will be 
highlighted. If environmental temperature is excessively 
Non direct heating of the scrotum adversely affects 
spermatogenesis which results in a depressed sperm 
concentration and mobility, and male fertility is reduced 
(Thompson, 1973; Hafez, 1965). Cows and heifers’ in hot 


climates exhibit frequent anestrus (Bond & McDowell, 1972) 
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and Poston, Ulberg & Legates (1962) found it difficult to 
detect estrus in cows during periods of hot weather. The 
review by Bianca (1965) contains information indicating that 
Holstein cows during the high temperatures of summer have a 
low rate of fertilization and a_ high rate of embryonic 
mortality. In most of the studies there also is evidence 
that the Bos indicus breeds are more heat-tolerant than the 
Bos taurus breeds but this climatic adaptation does not 
necessarily confer better productive capabilities on Bos 


indicus breeds. 


1.0.0.3 Nutrition 

One of the indirect consequences of climatic 
environment is its effect on the quality and quantity of 
herbage available to livestock at different times of the 
year. During the dry season forage is scarce and poor in 
quality. On the other hand, in the wet season the dry matter 
content of forage may be_ so low that cattle can consume 
insufficient amounts of nutrients to meet their energy and 
protein needs (Oyenuga, 1966). Although most grasses in the 
West African savanna region have relatively high nutritive 
value during early growth, this quality is rapidly lost with 
plant maturity. For instance an examination of twenty-five 
indigenous grass species in Ghana by Sen and Mabey (1966) 
indicated that crude protein content could be as high as 
19.0% of dry matter in the wet season and only 2.5% during 


the dry season. This trend is similar to that observed in 
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other countries of the West African savanna. Goh! (1975) nas 
compitedyean Textensive: listeof the nutritional qualities’ of 
tropical forages in relation to stage of maturity. 

In some regions of the savanna the foraging lands are 
overstocked. Comparison of data on the grazing lands of 
north-eastern Nigeria revealed that in the tsetse-free zone 
there are some 2 million head of cattie while the zone’s 
potential has been estimated to be only 1.2 million head 
(Leeuw, 1977). Thus through overgrazing the stress of low 
feed availability may be more pronounced during the dry 
period when herbage quality and quantity are very low. 

At the Agricultural experimental station, Legon, cattle 
lost about 11% of their liveweight during the dry season 
(Rose-Innes, 1960). The low average annual liveweight gain 
of only 0.2 kg/head/day has been attributed to the effects 
of the dry season on feed availability and quality. 
(Montsma, 1963). Smith (1962) reported that Bos indicus 
steers on mature Hyparrhenia pasture ate a dry matter 
equivalent of 1.2% of their body weight when the herbage 
contained 50% of digestible organic matter (DOM) but as the 
dry season progressed, intake of herbage fell to 0.8% of 
body weight when DOM dropped to 38%. Marshall and Bredon 
(1967) found that voluntary intake of mature Themeda 
triandra by Zebu steers was equivalent to 0.5 to 0.8 of 
their maintenance requirements, while Elliott (1967) 
measured intakes of 0.7 of maintenance requirements by 


Africander and Mashona heifers given mature Rhodes grass. 
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There is evidence that cattle exhibit a remarkable ability 
to recover following a period of restricted nutrition 
(Yeates, 1964; Butterfield, 1966). This capacity is limited, 
however, under grazing situations with declining forage 
quality and/or availability (Joubert, 1954). 

The physiological consequences of low intake of energy 
and of protein and other nutrients are profound. Growth is 
adversely affected by low energy and nutrient intake and the 
sensitivity of cattle to nutrient restriction is greatest in 
the neonatal period (Dickinson, 1960; Everitt, 1968). 
Moderate restriction of the calf from birth to 3 to 4 months 
of age resulted in a proportional extension of the growth 
period (Wardrop 1965, Everitt, 1972; Morgan, 1972). In the 
West African regions cattle indigenous to the area are bred 
for the first time when they are 3 to 3.5 years of age and 
cattle may take up to 6 to 8 years to reach a mature weight 
of 250 to 450 kg (Oyenuga, 1967). Poor nutrition of pregnant 
cows may also result in light birth weight of calves and, in 
lactating cows, a significant reduction in milk production 
(Jeffrey & Berg, 1971). Furthermore, under-nutrition in the 
lactating cow frequently results in a failure to conceive 


during the subsequent breeding season (Lamond, 1970). 


1.0.0.4 Management of Cattle 


In the savanna areas of West Africa, management of 


cattle is variable and many systems prevail. In_ the 
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northern-most parts of the region there is nomadic grazing 
and various aspects of mixed and settled agriculture. Night 
enclosure of cattle and daylight grazing is common (Oyenuga, 
1966; Ormerod, 1976). The practice of night-enclosure or 
kraaling of cattie severely restricts the daily time 
available for grazing and has been suggested to be, in part, 
responsibie for the limited weight gains by cattle (Smith, 
1965). Smith (1965) also calculated that approximately 31% 
of the native cattle in Zambia had insufficient time to 
graze during the rainy season while in the dry season the 
number was 47%. This situation arose from kraaling animals 
too early in the evenings and taking them out to pasture too 
late in the mornings. Furthermore, since the time of 
teeartae kor ghazelandiahe time thescattie are “returnea™ to 
the Kraal are the responsibility of the herdsmen, any delay 
in releasing cattle to pasture in the morning forces’ the 
animals to graze at periods of the day when solar radiation 
and environmental temperatures are highest. Feed intake is 
likely affected by the heat load on the animal (Baile & 
Forbes, 1974 ). There are other reports which indicate’ that 
cattle, particularly during the dry season, are driven daily 
over long distances in search of feed and water (F.A.0., 


1968; Lytle & Messing, 1976). 


1.0.0.5 Diseases and Parasites 
Both clinical and sub-clinical disease in cattle reduce 


their performance (Sewell,1976). In West Africa efforts by 
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individual governments and world organizations like the 
United Nations have led to the control and in some areas the 
eradication of the most serious cattle diseases such as 
rinderpest, contagious bovine pleuropneumonia and anthrax. 
However, outbreaks of different diseases periodically occur 
in’ localized areas (F5A.0., 19695 F.A/0.; 1977).<The role of 
management in the control of heiminth diseases in _ beef 
cattle has been reviewed by Sewell (1976). Vercoe and 
Springell (1969) found that when helminths were present 
Hereford-Shorthorn cross steers had lower digestibilities of 
dry matter and nitrogen, lower nitrogen balances, and higher 
dialysable fecal nitrogen than did Brahman steers. However, 
when helminths were eliminated from the cattle, plasma 
gastrointestinal leakage, as measured by dialyzable fecal 
nitrogen, was reduced and total plasma protein was 
increased. The changes were most marked in the British 
steers. An important observation by these authors was. that, 
at levels of infestation common in beef cattle under field 
conditions, no anemia or hypoproteinaemia may occur but 
losses of plasma nitrogen into the gastrointestinal tract 
may stitlobe 2ito 3rtimes that sineuninfested> animaids -2oFeed 
intake is reduced during many metabolic diseases and this 
decrease in feed intake is observed in most gastrointestinal 
disorders of either infectious or parasitic origin as well 
as many systemic diseases (Baile and Forbes, 1974). 

In West Africa a major constraint to the development of 


large areas of potentially valuable agricultural land is the 
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presence of tsetse flies (Glossinal &sppw) ahd *the 
trypanosomiasis diseases they transmit (Bourn, 1978). Tsetse 
flies occur over some 10 million square kilometers of the 
African continent (Bourn, 1978) and in West Africa there is 
a continuous spread of tsetse from the coast to the 14° N 
latitude (Squire, 1962). Only two of the seventeen West 
African countries are considered tsetse-free (Mauritania and 
Niger) and twelve are classified as being heavily infested, 
that is, more than 50% of the land area is infested (Bourn, 


+ 


1978). Trypanosomes, transmitted by tsetse flies cause 
sleeping sickness of man and nagana of cattle (Ormerod, 
1976). Cattle can be infected by any species of tsetse flies 
and unless animals are given. prophylactic drugs’ their 
condition deteriorates in direct proportion to the degree of 
exposure to tsetse flies (Ormerod, 1976). Deterioration of 
body condition and the development of anemia are the common 
manifestations of the disease (Murray et al., 1979). There 
are, however , breed differences in tolerance or 
susceptibility to trypanosomiasis (’ trypanotolerance’ ) with 
the N’ Dama breed believed to be the most tolerant (Murray et 
al., 1979). The trypanotolerance appears to be heritable 

However, in areas where N’Dama cattle come under’ heavy 
challenge from the parasites, some of the 
trypanosome-infected animals die while most that survive 
often do so " in a poor productive state with wasting, 


stunting, abortion, high calf mortality and with a 


persistent low-grade anemia being manifest " (Murray et al., 
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1979). Of the breed groups common in West Africa, the Zebu 
is most susceptible to the trypanosomiasis and the West 
African Shorthorn breed is intermediate between the White 
Fulani (Zebu type) and N’ Dama in susceptibility. 

An index calculated on the basis of reproductive 
performance, cow and calf viability, milk production, growth 
and cow body weight enabled Murray et al. (1979) to compare 
the effect of management systems and cattle breeds on 
trypanotolerance. They found that for trypanotolerance' the 
effect of management system was a 38% lower productivity 
index per cow from the village herds compared with the ranch 
or station situation. Breed comparisons using the 
productivity index led the authors to conclude that the 
productivity of trypanotolerant cattle relative to other 
indigenous types may be higher than previously assumed, see 


above. 


1.0.0.6 Daily Amounts of Animal Activities 

In an effort to partition the daily energy expenditure 
of domestic animals, studies have been conducted on the 
isolated costs of such activities as rumination, feeding, 
standings. watking Sandys tgrazing 1 4iVintua bly ece Wl tfompethese 
studies have been done with sheep in research laboratories, 
none of which are in West Africa. This review draws on_ the 
available information which could be reasonably applicable 
for extrapolation to cattle-in West Africa. 


Walking, standing and lying down studies conducted with 
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housed sheep and with sheep at pasture indicate that the 
grazing ruminant’s maintenance requirements over and above 
thoseasofrapenned (animals ~are=.increased. by 25° to».400% 
(Langlands et al., 1963; Lambourne and Reardon, 1963: 
Graham, 1964a; Young, 1966). Osuji (1973) as reported by 
Osuji (1974) suggested that the increased energy expenditure 
might be due to the increased overall costs associated with 
grazing, especially the costs of walking to and harvesting 
the forage. Furthermore, with both cattle and sheep it has 
been reported that grazing time increased linearly as 
pasture availability decreased (Lofgreen et al. 09 Sihe 
Arnold, 1960). 

Animals on poor pasture are reported to spend more time 
standing and walking about than conventionally housed 
animals (Graham, 1964a). In sheep and cattle the cost of 
standing over lying has variously been found to range from 
0.25 to 1.59 kJ/kg/hr (see Osuji, 1974). 

The costs of horizontal locomotion, achieved usually by 
force-walking an animal on a treadmill, have been determined 
by various workers. With sheep, Clapperton (1964) found that 
the energetic cost of walking was on average DA) 
joules/horizontal kg meter and this increased with speed of 
walking. The vertical component of the cost of horizontal 
locomotion was 26.6 joules/vertical kg meter. In hilly 
places therefore grazing livestock will expend more energy 
in searching for feed than animals on level ground. 


Furthermore, in seasons of drought or severe feed scarcity 
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animals are forced to expend extra energy in their search 
for feed under grazing systems which are basically nomadic 
such as practised in parts of West Africa by the nomadic 
Fulanis (Oyenuga, 1966; F.A.0., 1968). The energy cost of 
eating has been shown to be a direct function of the time 
spent eating by sheep (Osuji, 1973) as reported by Osuji 
mo74) Sewhvie | the scost of Pgrazing ‘activity » has & been 
suggested to be much greater than the cost of eating per se 
(Webster, 1972: Holmes et al., 1978). 

Eating will be considered again in section two. Factors 
contributing to this increased expenditure may include the 
energetic cost of prehension, mastication, salivation§ and 
other physiological changes associated with the act 
(Webster peo; mOSsU ji wet ale, 01975) Webster (1979) 
summarized the information on the energy cost of rumination 
and obtained an average value of 16.7 joules/min/kg 
liveweight for cattle. 


The various energy cost values are summarized in Table 


1.0.0.7 Conclusions from the Review of Literature 

In hot, radiative environments more than two-thirds of 
the daily heat load on grazing cattle could be due to solar 
radiation. Animals that are heat stressed reduce their 
voluntary feed intake, male animals have a depressed sperm 
concentration and mobility and female animals , possibly due 


to the difficulty in detecting estrus, have low rates of 
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fertilization. In some cases embryonic mortality occurs in 
pregnant cows. In many parts of the tropics, particularly in 
those areas where the dry season is long, there are wide 
seasonal variations in the quality and quantity of feed. 
Grazing animals may consume only up to 70% of their daily 
energy requirements for maintenance. While poor nutrition of 
lactating cows leads to significant reductions in milk 
production and a possible failure to conceive during the 
subsequent breeding season, any feed restriction at any age 
results in reduced rate of growth. 

The practice, among traditional herdsmen, of kraaling 
cattle has been suggested to restrict the daily time 
available for grazing. Disease and parasitic infestation 
cause morbidity in cattle. In particular, the prevalence BF 
tsetse flies and trypanosomiasis in many parts of the West 
African savanna zones is of much concern. The Zebu breeds 
such as the White Fulani are most susceptible to 
trypanosomiasis. Under conditions of poor. nutrition = and 
heavy challenge from trypanosome parasites even the normally 
trypanotolerant N’Dama cattle become morbid. The extent of 
physical activities by cattle could affect their energy 
utilization and increase their maintenance energy 
requirements. 

In the following section the cost of feeding activity 
in cattle is considered. The study was conducted at The 
University of Alberta Farm and has been prepared as a 


scientific paper with joint authors. The section following 
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the paper {chapter 2) contains an analysis of the cattle 


management systems in selected districts of Ghana. 


ai 
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2. ENERGY COST TO CATTLE OF FEEDING ACTIVITY’ 
ABSTRACT 

Five steers aged 18 to 20 months and weighing 300 to 
400 kg were offered five chemically and physically different 
feeds in a Latin square designed study with repeated 
observations (morning and afternoon). Energy cost Of 
ingestion was calculated from the increased rate of oxygen 
uptake. The feeds were pelleted concentrate (50% barley 
grain, 40% alfalfa meal, 9% soybean meal, and 1% salt, trace 
mineral and vitamin supplement), pelleted alfalfa, alfalfa 
hay, chopped grass hay (70% brome, 30% fescue) and chopped 
fresh turnips. The pellets and hays contained approximately 
90% dry matter while the turnips contained only 14% dry 
matter. 

The rates of ingestion differed markedly among’ feeds 
duping “the: “limited (15. to’. 50 min) twice .daily eating 
periods. On dry matter basis the pellets were consumed most 
rapidly at arate of 130 to 138 g/min, while the hays were 
consumed at about 38 g/min and the turnips at 30 g/min. 

The energy costs of ingesting feeds per minute spent 
eating were similar fOr fa lelerea ions, whe s.(0 Bt. Soo).6 
joules/min/kg body weight. However, because of different 


rates of ingestion, the energy costs per kg of dry matter 


— ee ee ei i ei HE er ei eK Kr KH KK 


‘This study was conducted primarily by the author and 
prepared as a scientific paper with coauthors B.A. Young, 
A.M. Nicol and A.A. Degen,University of Alberta, Edmonton. 
Canada.The findings were presented at the 7ist. Ann. 
Meeting, Amer. Soc. Anim. Sci., Tucson, Arizona. July 
28-August 1, 1979.(Amer. Soc. Anim. Sci. 7ist. Ann. Meeting 
ADStPacls, Pps): 
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ingested per kg body weight were, for the pelleted feeds 222 
to 238 joules, for the hays 1029 joules and for the turnips 
1427 joules. 

INTRODUCTION 

The activity of feeding is a time-consuming venture 
especially for the free-ranging ruminant. The energetic cost 
of feeding has been well documented for sheep (Ustjanzew, 
1917; Graham, 1964b,- 1966; Young, 1966; Blaxter, 1967; 
Webster, slco7; )OUsuj71, 1974:) Osujiwet al., ©1975). More 
recently Holmes and associates (1978) have used a mobile 
hood to study the energy cost of feeding activity in grazing 
calves. 

In view of the limited information available for 
cattle, the present study was undertaken to provide data on 
the energy costs to cattle of ingesting feeds which differ 
markedly inp eboth *physical ands chemical form, “and “to 
determine the contribution to the total energy requirement 
of the animal arising from the cost of ingestion of each 
feed. 

MATERIALS AND METHODS 
Experimental Design 

The study was a 5 x 5 Latin square design using five 18 
to 20 month old cross-bred steers weighing 300 to 400 kg 
liveweight and five feeds (Table 2.1). Measurements of 
oxygen and feed consumption were taken on one animal each 
day during 3 h periods in the morning (08h30m to 11h30m_) 


and afternoon (13h30m to 16h30m ). When measurements were 
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not being made the cattle were housed individually in 
straw-bedded stalls (4 m x 3m). They were offered their 
daily maintenance ration (approximately 550 ku/kg .LW®75: 
N.R.C., 1976) in two equal portions at 09h30m and 14h30m. 
Water and mineralized salt were available except when 
measurements were being made on an animal. The steers were 
weighed twice each week and were accustomed to the 
measurement procedures and the particular feed for at least 
one week prior to measurements. 

Rates of oxygen consumption were measured using a 
ventilated hood with a capacity of 876 litres attached to a 
respiratory gas analysis system (Young et al. 1975). Air was 
drawn through the hood at a constant rate of between 245 and 
250 litres/min and oxygen content of ingoing and Ap eats 
air was analyzed (Taylor Servomex, Type 04.184 Sybron Corp., 
Sussex, England). During each test the animal was confined 
with its head contained in the hood for at least 30 minutes 
prior to feeding, for the feeding period of 15 to 50 minutes 
and for at least one hour post-feeding. Heat production was 
carcuilatedeus ingiva icalomiesvaluerote20=o kurper shiter<of orD9 
(McLean 1972). 

The energy cost of ingestion was calculated from the 
increase in heat production (H) as: 

H = (Heat production during feeding & recovery periods) 
-(Average heat production during prefeeding & 
postfeeding periods? 


The energy cost of ingestion was expressed either as the 
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increase in heat production per minute spent eating or the 
increase in heat production during feeding per kg of dry 
matter (DM) ingested per kg liveweight. 

The data were analysed using least-squares analysis of 
variance for unequal numbers (Harvey, 1960). Differences 
among means were tested using Newman-Keuls’ test (Steel and 
Torrie, 1960). Estimates of type 1 error were obtained as 
differences between anima | x perioar interaction and 


treatment sum of squares. 


RESULTS AND DISCUSSION 

The effect of time of feeding (morning or afternoon) 
was not significant and the pooled results are reported. The 
rates and costs of ingestion of the feeds are summarized in 
lable 2.2) -uin-anias-fed basis the =turnips.. with “a: high 
moisture content were consumed at a rate of 196 g per min 
which was not significantly different from 150 g per min for 
pelleted feeds. The hays however, were consumed at a rate of 
40 to=43 g per min ‘resulting “in significant differences 
among feeds. When the rates of ingestion were expressed on a 
dry matter basis the turnips and hay diets were consumed at 
similar rates (Table 2.2) and were different (P<0.01) from 
the rate of consumption of pelleted feeds. In studies with 
9-month old Friesian calves, Holmes et al. (1978) reported 
pates of ingestion of 20 g DM per tminute | for culm pasture 


(fresh and dried) and 14 g per min when calves were allowed 


to graze. Furthermore, the rate of eating was significantly 
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related to liveweight in two out of six regressions. In our 
study , the steers were considerably heavier than the calves 
used by Holmes and co-workers, and individual animal 
differences were not significant possibly because of the 
similar background and treatment given to the animals prior 
Lopcand ~durangsy athe % study. However individua | anima | 
differences in, for example, bite size or appetite, could 
influence rate of ingestion of feeds. Comparison of results 
from sheep with those from cattle (Table 2.3) tends to 
emphasize species, feed type and possibly management 
situation differences with regard to the rate of ingestion. 
The energy cost of ingestion was similar for all feeds 
when expressed on the basis of joules per min spent eating 
per kg liveweight (Table 2.2). The vaiues of 27.6 to 35.6 
joules per min spent eating per kg liveweight were similar 
to the value of 29.5 reported for cattle by Dahn (1910) as 
cited by Osuji (1974), and the energy cost to calves of 
consuming several types of feeds (Holmes et al., 1976). 
Furthermore, the values (summarized in Table 2.3) are 
similar to those reported for sheep (Ustjanzew, 1911; 
Graham, 1964b; Young, 1966; Webster and Hays, 1968; Osuji, 
19874). The fact that the energy cost of consuming a wide 
range of rations was similar when expressed as joules per 
minute spent eating per kg liveweight, irrespective of the 
species or rate of ingestion, supports the conclusion of 
Holmes et al. (1978) that energy expenditure during eating 


or grazing by animals was relatively constant per kg live- 
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weight. Osuji (1973) as cited by Osuji (1974) also reported 
that the energy cost of eating in sheep varied directly with 
the time spent eating. 

When the energy cost of ingestion was expressed on the 
basis of kg DM ingested there were marked differences among 
feeds (Table 2.2). The pelleted feeds cost only 222 to 238 
joules per Kg DM per kg liveweight while the cost of 
ingestion of the hays and turnips were three to six times 
(778 to 1427 joules /kg DM/kg liveweight) these values. 
Because cattle ingest feed more rapidly than sheep the cost 
of this activity, when expressed on a DM intake basis’ was 
very much less for cattle (Table 2.3). Calves tend to expend 
about twice the energy in ingesting grass than young adult 
cattle. | 

The contribution of the energy cost of ingestion to the 
daily energy requirements of cattle is summarized in Table 
2.4. While the cost of ingestion for the different feeds 
represented a 15 to 70% increase in energy expenditure while 
the animal was actually eating, this cost was only about 1% 
of the total daily energy expenditure for the pelleted 
ration, 3.8% for the grass hay and turnips and slightly over 
5% for the long alfalfa hay .-Calculations by Holmes et al. 
(1978) indicate that the energy expenditure due to eating 
could account for 0.1 to 2% of the ME of high-quality feeds 
and for 1.3 to 15.7% of the ME of low-quality feeds. 
Maintenance energy requirements for the grazing animal have 


been reported to be 25-100% above that for similar penned 


in) ee oH) fared 48 hatin, iw. 4eret 1 


}.! 


arth Betasy geode. Ar gabzaee hes haces 
pirives 
JeEe ks ehw cdr lagen. 7aaes s Maors oat! 


Tacs an all “Nts tow visit bai 2e0ri ag ca 48 et 
ot SereMteg sat bee 156 a 


& WwW tegt et e2ori at dtee. 

Sear S werw Rernis. 7 oe 
slitsb: is [ aes Howie (Sigh 

1919 phi ye0k a plata iat sata ae 
. sini 

Ho HOF AGF AROS et = 
airemnpa jay sites te Bi geme nani Yeteny! th 
ir Gt foTraggprt FG- sab, Sriz. at bility oA 
Wes Rovete wis aay, <X, et! & baie 
560s. Vite ew feos i) 6. pri DRS 4a PST 2iw a 
fan 40 «4409 3 nog ‘5 sabres) irs Vey ace 10 
Aptig ag 25 Ot Driet wer 'Saean Sry. ust iB a \aortss 
1S shen Oo Ve sho rT ehwots on shlet ls) tid ae a? ¥a- 
GS sUp-S4is 'onSsaxs Ve*sns an sq? sieolvenn. \GRTery: 
pTieeprawia tos 1 70 85 C7 ¢ 0° Fw nuaese Bf ie80 
SP risupcach 7 i ADA A Ter -eh Wehs oF . une 
(gare re aka 16). Sie.) Jers pea. vies sons otell sh it 

2! beinomen cege 


a 
~ 
4 
fe 
iu 
| 
tf 
oO 
as 
ie 
a 
/; 
‘ 
*y 


le, 


g°€ 6°€ Sdiuan G 
Gee 2°9 Aey sseuy 5 
vs G9 Aey eLLEILY € 
a L°9 SJL Led PLLELLY Z 
6°0 GY S139, L39d 332e47uUadDU0) L 
Sg ee re ee oe ee ae eae eee eee ee 
(%) UOLZSaHuL JO 7S09 aud (64) aye. UL pao “ON 
0} BL geinqiuiie papuadxa Aazzeuw Aup ALL eq 


ABuaua [e202 JO UaDUAY 


SO a ee eee ee ee 
a ee 


"4997S 
bY OOy & 4uOJ uoLZSAaBUL Jo 3S09 |Yy2 02 aL qeingLuile aun} Lpuadxa Abusua A[Lep pazeulysy “p°z atqey 


Lowey 


ee fac af ai nes ou 
Lt! | ce J es aitag een 
< - ie | aa 27 oe ¥en eh 


if : ~ r ‘ . 
eames YY dE ee Ce ee veh aoe 
= Su , a 


fs 


Os, 7 » 7 : A 
) ef | eat, 
cis 3 ey 
—_— —— — — —~. at _2 ee — ee er = ene ry 
Ud 
- 
"s 
f. Z : 
e 
oe 
‘ 
4 
; _ 
a) oe oe) 
‘fa 

- rin 

— 

= 

ag - 
~ 2h 


30 


animals (Langlands et al., 1963; Hutton, 1962, Lambourne and 
Reardon, 1963). Thus, for the range animal which must spend 
considerable time to obtain its feed, a greater portion of 
its daily energy requirements is likely to be expended not 
Omly= 1h Felocomotion, “but... also’ “in ingestion of feed. 
Furthermore, feeds with high energy costs of ingestion 
increase the metabolic heat load. In hot’ environments, 
adoption of management practices and feeds which reduce an 
animal’s heat production could therefore be of considerable 
advantage. For example, for cattle consuming’ long poor 
quality grass or hay: the cost» of ingestion and heat 
production would be much greater than when comparable 


amounts of pelleted or concentrate diets are consumed. 


nes iene! : SORE? oP Ie - va 


‘Boede 


barchieuie (et .ar Wien! 24 ieee 


imiey dot lepine eeq67 We 


He. notlesgat to 3265 ee en 1 gaeeg 


bdtticnas: eos sdeth oi-sinebrep ae varet ica ape 


a 


i 


> 


f, 


ol igeur’. . gal Osta aoe 


rif TSPoOs he arty dpia Vt j mete $f at i 


i¢ tod nic baci apr) Predaneme samen 
tw 20857, ON) ge i Topi) trewepe se : Yeh : 
‘* #3 Stee ars at Loy nee > Lubes. & ig 
niiuenod, SiI}aa. Wg “elonene soa 


fa 


ett? isise now act gw’ ays 


‘tb 


~ 
é 
i 
Me 
6 
A , by 4 


= 
a 


tT 
fe; 
i 


A = 
7 
—_ 
tw 


a 

yy 

=—= 24 
on -) 


a] 
i 


Ser CAhSEM@oTUDTES 

Sy0.U2 1. LH CrOduUC GION 

The area covered by savanna vegetation in West Africa 
is extensive (Figure 1) and variations in local conditions 
within the different vegetative zones are partly due to 
edaphic and biotic Factors. The overriding factor 
inf luencing the gross delineation into the various 
vegetative zones is climate. Rainfall is the vital element 
the distribution of which closely follows the vegetation 
zones (Keay, 1959). Some of the coastal rainforest areas 
receive over 2500 mm of annual rainfall but areas along the 
15° latitude may get only 250 mm of rainfall (Thompson, 
1965). The amount and variability of rainfall influence 
olant growth and therefore, the quantity and quality of 
potentially available feed for grazing cattle. Other factors 
such as management practices, the incidence of animal pests 
and diseases and stresses imposed on animals by _ the 
environment collectively influence the productivity and 
efficiency of cattle. The genetic potential of the breed of 
cattle also is important. In order to examine quantitatively 
the influence of environment and management on productivity 
of cattle in the savanna areas of West Africa three areas in 
Ghana will be treated in the nature of case studies. The 
selected districts of Bawku, Tamale and Techiman occur, 
respectively, in the Sudan, Guinea and Derived Savanna zones 
of Ghana (Figure 2). The naming of the districts for each 


case study is in accord with a major town or center of the 
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. Vegetation zones of Ghana and case study districts 
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region.- Ihe Guinea Savanna is the largest of the three 
vegetation types in Ghana but this is not the -situation’ in 
the other West African countries (Figure 1). 

The three areas for case study were selected to 
represent the range of savanna type in Ghana. Some climatic 
variables which distinguish the different areas are plotted 
in Figure 3. In the. Bawku and Tamale districts rainfall 
occurs ina single period (April to October) with a peak in 
August or September. Rainfall in the Techiman district. is 
bimodal with a major wet season occurring between March and 
June or July, and a= minor wet season falling between 
September and November. Thus’ whereas the Derived savanna 
zone is blessed with 7 to 8 months with rainfall of over’ 80 
mm per month the Guinea zone and some southern portions of 
the Sudan zone (for example, Bawku) have only 6 rainy months 
and the number of rainy months decreases as one proceeds 
northwards. The number of rain-days per year _ follows’ the 
monthly rainfall pattern (Figure 3) and the mean annual 
rainfall in millimetres for the Bawku, Tamale and  Techiman 
districts are 956, 1084 and 1345, respectively (Ghana 
Meteorological] Services Climatological Tables, To7i2e 
Agricultural Extension Handbook (Ghana). Monthly relative 
humidities are high during the wet season and low during the 
dry season, the low values being more pronounced in the 
Tamale and Bawku districts than in the TJechiman area. 
Monthly maximum and minimum temperatures are, however, much 


higher in the Bawku and Tamale districts as compared to the 
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Figure 3. Climatic conditions of the case study districts of 
Bawku, Tamale and Techiman. 
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Techiman district (Figure a) The annua | average 
temperatures among the different vegetation zones in Ghana 
are however similar and are 28.1°C for Bawku, 27.8°C for 
Tamale and 25.7°C for  Techiman (Ghana Meteorological 
Services Climatological Tables, 1972). 

In addition to the climatic differences in the case 
study areas there are variations in social practices, breed 
composition of cattle herds and management practices, 
pasture composition and seasonal water resources. 

There are very few measurements of the pasture species 
composition and the quantity of feed consumed by grazing 
cattle in the West African savanna zone. Reports about the 
composition of natural grasslands are mostly qualitative in 
nature (Rattray, 1960; Rose-Innes, 1962; Whyte, 1974) and 
the few quantitative ones have been related to the effects 
of burning and have invariably excluded the role of _ the 
grazing animal in influencing species composition (Ramsay & 
Rose-Innes, 1963). It would be desirable to be able to 
estimate the total nutrient intake of grazing cattle from 
Knowledge of the proportions of different species of herbage 
consumed, what parts of plants are eaten, the chemical and 
physical charactemistics> of “thet@compoosttes diel -jands. the 
efficiency with which the feed is utilized by the animal to 
provide usable nutrients. Estimates of feed quality in terms 
of dry matter, crude protein and crude fiber contents will 
be presented in each case study situation and _ further 


estimates made of the diet consumed by cattle during the wet 
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and dry seasons. Also estimates of daily dry matter intake 
and hence intake of metabolisable energy (ME) and apparently 
digested crude protein (DCP) will be considered. 

FOllowing a description of each district and the 
conditions existing that affect cattle raised from natural 
grasslands, an energy budget analysis is presented for 
typical cattle during the wet and dry seasons. A. brief 
description is first given of the method of energy budgeting 
then, for consistency in presentation, each case _ study 
district will be considered in the following format: 

a) a short introduction giving details of each 
location and the characteristics of cattle 
management ; 

b) the climatic environment and how it relates 
to the vegetation zone; 

c) the non-climatic and other background 
information such as farming practices, dry 
season fires, incidence of tsetse flies; 

d) estimates of feed quality, diet composition 
and daily feed intake during the different 
seasons. Discussion of the basis of these 
estimates is included; 

e) estimates of daily animal activity during 
each season and a discussion of the basis of 
such estimates, 

f) an energy budget calculated for a typical 


animal, a non-pregnant 3-year-old heifer. 
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Following the consideration of all three cases there is a 
general discussion and an overall interpretation of the 


findings. 


3.0.1 The Eneray Budget 

The balance between the factors which contribute to the 
energy intake by animals and their energy utilization 
inf luences the growth. pattern of animals: “During the 
estimation of energy budgets of animals kept indoors and in 
conditions close to thermoneutrality the effects of the 
environment are minimal. Under field conditions radiation 
levels could be considerable and the environment is 
continually changing with regard to wind speed and 
direction, relative humidity and radiation fluxes. 
(Robertshaw and Finch, 1976). Calculation of the energy 
budget excludes the direct influences of the climatic 
conditions on the animals. Assessment of the energy budget 
includes measurement of feed intake, the efficiency of its 
utilisation for maintenance of body integrity and doing work 
and the efficiency of its utilisation for protein and fat 
deposition and the synthesis of other products. 

A number of assumptions will be made in calculating the 
energy budget for a typical animal in each of the case study 
districts. It has been assumed that the energy utilized for 
maintenance and in activities such as standing, walking, 
grazing and ruminating account for the difference in 


metabolisable energy (ME) intake and ME content of daily 
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liveweight gain or loss. As the energy value of liveweight 
Gains by West African Shorthorns and Sanga cattle (the breed 
and crossbreed that will be used in the calculations) have 
not been determined, an average value for cattle of 20 Md of 
MEtUpera KO oe Tidgainrastised MMERSC. HT 1G65riaM i AMET Fi.miei1975; 
Webster, 1978). The same value also is used in calculations 
relating to liveweight loss. In the concluding discussion, 
results arising from the calculations and possible 
consequences of the assumption will be considered in 


relation to observed liveweight gains and losses by cattle. 
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S207 2°CAsE A: BAWKU DISTRICT, 
320.2. 1) LNtroduetion 

Bawku is a town of about 25,000 inhabitants and it is 
situated in the north-eastern corner of Ghana (latitude 11° 
03’ N and jongitude 00° 16’ W). The vegetation is described 
as Sudan savanna woodland (Keay, 1959) and the area covered 
by this vegetation type is approximately 1955 square 
Kilometers ( Lane, 1962; Figure 2). The township of Bawku is 
approximately 230 meters above mean sea level (Ghana 
Meteorological Services, 1972). The Sudan savanna belt in 
West “Africa! 1s )some; 75 to 150 km from north to: south and 
stretches from the Senegal coast through Nigeria to the 
Sudan and beyond (Crowder & Chheda, 1977; Figure 1). 
Throughout the sudan savanna it is densely populated with 
cattle, mainly of the humped Zebu type. Compared with other 
parts of Ghana, the Bawku district has a very high density 
of Zebu type cattle and crosses between the Zebu and other 
local breeds such as the West African Shorthorn and_ the 
N’ Dama. Some characteristics of cattle breeds and 
crossbreeds in Ghana are summarized in Table 3.1. The age of 
Sanga (cattle at. first calving is between*3¢and:3.> years. 
This is similar to that of other breeds in the Bawku 
district and the Sudan savanna. The heavier calf birthweight 
of the Sanga crossbreed is closer to that of its White 


Fulani sire than to its West African Shorthorn dam. Female 
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sanga cattle weigh a little over 300 kg at 3 years of age as 
compared to about 170 kg by West African Shorthorns. Male 
cattle generally weigh heavier than females at all ages. A 
Sanga heifer will be used in calculations related to the 


daily energy budget of cattle in the Bawku district. 


3.0.2.2 Climatic Environment 

The general climatic conditions of the Bawku area are 
summarized in Figure 3. Details of climatic parameters are 
presented in Table 3.2. Because of its tropical location, 
daily temperatures are high and mean monthly maximum 
temperatures vary from 30 to 40°C with an annual mean 
maximum of 34.6°C. Monthly minimum temperatures are about 
11°C below maximum temperatures with the lowest minimum 
temperatures occurring during the months of November to 
January. This period is the harmattan season during which 
hot, dry and dusty northeasterly winds’ from the Sahara 
desert, blow over the region. Relative humidities are very 
low during the harmattan season (Table 3.2). 

The months of April to October are relatively more 
humid and relative humidity at 09h00m increases from 61% at 
the beginning of the wet season in April, reaches a peak of 
82% in August and then drops off sharply in mid-October at 
the end of the rainy season. Relative humidities at 15h00m 
fall into an identical pattern as those at 09h00m but values 


are generally lower in the afternoon. There are 82 days in 
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the year that are classified as receiving 0.25mm of rainfall 
or more in a day (Agricultural Extension Handbook (Ghana), 
1977) and the number of raindays roughly parallels’ the 
amount of rainfall received per month (Table 3.2). The 
wettest months are August and September which record 238 and 
200mm of rainfall, respectively. Five months (November 
through March) receive insignificant amounts of 
precipitation. 

Benneh (1971) has calculated that the Bawku district 
has a mean annual rainfall deficiency of 813 mm; that is, 
the difference between precipitation and evaporation is a 
negative value of 813 mm and this has serious consequences 
for crop growth and for animal production. The annual 
dependable rainfall is approximately 762 mm _ (Ussher, 1969) 
and almost all of this falls in the wet season (Figure 3.3; 
Table 3.2). Solar radiation levels are quite high with daily 
means of 1.9 Ku per cm? (Ussher, 1969). This is associated 
with bright sunshine hours averaging 7.2 hours/day during 
the wet season and 8.6 hours/day during the dry season. The 
average day has about 12 hours of daylight and this does not 


vary very much over the year (Ussher, 1969). 


3.0.2.3 Non-climatic and Other Background Information 
Population density in the Bawku district varies between 

80 and 150 persons per km? (Benneh, 1971) and settlements are 

in the form of compound houses surrounded by the compound 


farm (Lane, 1962). Figure 4 diagrammatically illustrates the 
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Pieure “ugbbluctration. of settlement type in the Bawku Distric 
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typical settlement arrangement. At the outskirts of the 
compound farming area there are a few ‘distant’ farms. and 
Old grassy fallows comprised mainly of short grasses and 
short trees and shrubs (Wills, 1962). 

Land tenure in the Bawku district is by communal 
ownership. Grazing grounds are therefore communal and made 
up of the old fallows and uncultivated tree savanna (Wills, 
1962). Water may become scarce in the dry season and cattle 
are then driven to distant grazing grounds in search of feed 
and water. This practice is widespread in all parts of the 
Sudan savanna zone. 

Of the trees in the Bawku district, the most common are 
Acacia spp and economically useful trees such as Dawadawa 
(Parkia clappertoniana, Keay) and Shea butter (Butyrospermum 
parkii, Kotschy) (Wills, 1962). The grass genera include 
Andropogon, Hyparrhenia, Pennisetum, Cynodon, Loudetia, 
Aristida (Rose Innes, 1962). Under the grazing system that 
prevails, cattle are driven to graze the = annual and 
perennial fallows during the cropping season and _ then 
allowed to forage on fields which have been harvestered of 
their grain during the early dry season but are driven to 
more distant fallows as the dry season advances. Cattle are 
bedded in enclosures or kraals in the evenings and their 
dung is used to fertilize the compound farms (Wills, 1962). 
The use of bullocks to plough the fields is a common 
practice in this district and in 1974 bullocks accounted for 


21% of all cattle in the Bawku area (Ministry of Agriculture 
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(Ghana), 1975). 

Crops cultivated inc lude early and late millet 
(Pennisetum typhoides Stapf and Hubbert), guineacorn or 
sorghum (Sorghum vulgare), groundnuts (Arachis hypogaea) , 
upland rice (Oryza sativa) and bambara beans’ (Voandzeia 
subterranea Thouars). Some residues of these crops are 
consumed by cattle but the soils are low in fertility which 
may contribute to a poor nutritive value of the residue. 
Soils are mainly Savanna ochrosols and groundwater laterites 
with a humus content of usually less than 2% (Brammer, 
1962). In eroded places hard iron pan is reported to occur 
at or within 3 to 5 cm of the surface. 

The very dry conditions and sparse vegetation of the 
Sudan savanna do not encourage the spread of tsetse flies 
(Glossina spp.), the insect vectors of Trypanosome 
parasites. Trypanosomiasis is therefore not a_e significant 
problem in these areas. 

Both control led and uncontrolled burning of the 
grassland is practised in all parts of the savanna zone and 
Ramsay and Rose-Innes (1963) argue that because of 
legislation that prohibited the starting of fires in the 
Bawku district, fires that occurred would be of the late dry 
season type that favoured the growth of short grasses and 
the destruction of woody species. There have been various 
reports on the merits and demerits of savanna bushfires. 
Among the positive aspects are the destruction of harsh 


unpalatable grasses and the provision of fresh nutritious 
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herbage for livestock. Encroachment by unwanted woody 
species is also Kept under check. The negative aspects of 
dry season fires are that much of the standing hay is 
destroyed and animals may be faced with scarce feed sources; 
burning prevents the accummulation of humus in the soil and 
thereby increases soil infertility; soil may be unfavourably 
affected by leaving it exposed to the direct effects of 


wind, sun and rain. 


3.0.2.4 Estimates of Feed Quality, Diet Composition and 
Intake 

Table 3.3 summarizes data from Rattray (1960), Whyte 
(1974), Bogdan (1976), Rose-Innes (1962) and Ramsay & 
Rose-Innes (1963) of cae occurrence of the principal 
fodders. The most frequently encounted grass species is 
Andropogon gayanus or Gamba grass. Species of Pennisetum, 
Cynodon, Hyparrhenia and Loudesia assume varying proportions 
at different seasons of the year. Four leguminous trees-~ and 
shrubs are given and these are present throughout the year. 
Acacias are the most important and both leaves and pods are 
good dry season feed supplements. Of the seasoning plants or 
forbs only two species, examined by Boudet (1970), are 
included. Bulrush millet (Pennisetum typhoides), Sorghum 
(Sorghum vulgare) and Groundnuts ( Arachis hypogaea) are the 
common crops cultivated in the Bawku district. Residues of 
these crops are usually available to cattle during the dry 


season. There is a wide variation in the contents of dry 
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na ater; weudemt ibertandarcrude™ proteing yinimeca lhe groups. <of 
fodders and during the wet or dry seasons (Table 3.3). This 
is probably a reflection of different leaf to stem ratios, 
thes: stage ‘of “maturity; - proportions -of particular . fodder 
species and variations in local conditions especially soil 
fertility. The value of the particular parameter such as dry 
matter (DM), crude fiber (CF) or crude protein (CP) of the 
diet actually consumed by a _ cow is an estimated average 
(Table 3.3.). This value is based on the published range of 
values (in parenthesis in Table 3.3), the extent of the 
opportunity to select desirable species by the cow and_ the 
fact that grazing animals will select herbage of a better 
nutrient value than the average of the pasture (Gohl, 1975). 
Thus during the wet season, the dry matter content of feed 
consumed is estimated at 30%, and CF and CP are 30 and 8%, 
pecpect ively. During the subsequent early dry season DM, CF 
and CP contents are 50, 35, and 5%, respectively, and 
further into the late dry season the DM increases to 75%, CF 
is unchanged at 35% and CP falls to 4%. Estimated values of 
DM, CF and CP of legumes during the wet season are 35, 22 
and 13%, respectively (Table 3.3). These estimates do not 
change very much during both the early and late dry seasons 
since these species are able to remain green during the dry 
season (Rose-Innes, 1966) and a fresh growth of leaves 
replaces those that fall off after bush burning. Forbs are 
relatively more succulent than grasses or legumes and the 


estimated DM values increase from 27% to 33% and again to 


y 


ta, agua ila YFP atetow, s 


+ 7ée" may 2 iyo”. Tao he ~G9h xe we 


Wwe =) Cont — bt 
* 
| 
j * iam I 7 wie) = 7 7 
sonas Weck (lly sea he errr: ib ota av ata, ae | 


det sh + oteedineiag ae: 
i es woo Gril “ye cei Seq aldara Foeroe aaa at a 
ej & .ge0"ed toel ee Ebi 2 rer Tee, oniseng ‘toda 
f $n. 237) /4nJ. * 0) pee Bi are! aus sv ar be 

oat S178 VAN 66s. (IG eges +30, ewtt ont te 
an5 72; Sie 42 the aoasts vir aie at we 


<a ; 


oh. 


WO Noasse “dub Vinee ‘peupsedye apy eae lavits 


" ay Tee C. Wit Geer iog ene atnetoo 4 
aN teach ion. wil ad) -noéese HAS eam ares — 
ait: wiomited - x9 af 5R, 4S orn eis: Hees 

; 
: Sf ee cdemmse tau ar oA aBD ammuiget 4c .S baa ia 


Oo <h esraentses -oxaril. , “ge sidat f levi toatiawe 
| Pt 
bra /TARS Sit pd pa; run stim bitin 
WO . srl @FInue-foss0 niste4.of al ds a8 sioage. saul» 4 
evel to Wiwiab «Age? « | bre (fae! eee #22 
ba iin, a : a 


af 
ral 
- 
Ww 
© \ 
3 
ie 
~ 
‘. 
—_ 
Cc 
hy 
— 
di 


ete edits? Dieu Naud "sh ste Tat. 1sAs Ce a 
act bra estan! <0 asezadie rid Dalai or “ie 
2; Glee “Hie FES oO! ad nor? Basen estoy Ate 


e* 


34% during the wet season , the early dry and the late dry 
seasons, respectively. The CF content of forbs is less than 
that of grasses but slightly more than that of legumes; 
however, CP content is lower than the estimates given for 
the legumes but identical with values for grasses (Table 
3.3). Crop residues are available in usable quantities only 
during the early and late dry seasons and the DM _ content 
also increases as the dry season advances. The CP content is 
very low (5%) and comparable to that of grasses during the 
same period. 

Grass is the main component of the feed consumed by 
grazing cattle comprising at least 75% of pasture plants 
found in the rumen of slaughtered cattle (Chippendale, 
1964). Legumes and forbs form only a_ small constituent of 
the total diet of grazing cattle largely because these 
plants occur naturally in very low frequencies (Rose-Innes, 
1966; Chippendale, 1964). In the Bawku area crop residues 
may comprise as much as 10% of daily DM intake especially 
during the early dry season. Based in part on the work of 
Chippendale (1964) and composition and quality of feed 
summarized in Table 3.3, a composite diet with estimated 
proportions of grasses, legumes, forbs and crop residues was 
formulated for a 3-year-old, non-pregnant Sanga heifer 
(Table 3.4). I have assumed that under both the Kraaling and 
free range management systems the feed composition is the 
same because of the limited scope of selection by cattle 


during the dry season. Crude fiber increases from a value 
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of 29.4% in the wet season to slightly over 33% in the ijate 
dry season. There is a concomitant decrease in crude protein 
from 8.3% to 5.0% (Table 3.4). Summarized in Table 3.4 ajiso 
are estimates of daily dry matter intake, the energy density 
of the diet, ME intake and the intake of digestible crude 
protein. 

Estimates of dry matter intake per day by cattle in the 
West African zone range from 2 to 3 percent of liveweight 
(Crowder & Chheda, 1977; Antwi & Addei, 1977). These values 
are based on the clipping technique and thought to be 
overestimated by 15 to 25% when intake is estimated by the 
nitrogen-chromic oxide faecal index technique (Olubajo, 
1970). Consequently, maximal voluntary intake in the wet 
season is assumed to be 2.7% of liveweight, that in the 
early dry season is 2.2% for kraaled cattle and 2.5% for 
free-range cattle; corresponding percentages for the late 
dry season are 2.0 and 2.3 percent. Within the lowland 
tropics, 3 to 5 weeks regrowths of grasses are 55 to 70% 
digestible with reference to their dry matter (Crowder & 
Chheda, 1977). The digestibility of the DM of legumes may be 
very high (Rose-Innes, 1966) but given the very low 
fertiyvlityy ofesthe: sols orin the Bawku dts tric t and 
digestibility values of the predominant herbage species in 
the region the following digestibility of DM values (% of 


DM) are assumed: 
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Grasses & Crop Forbs & Legumes 


Residues 
Wet Season 55 60 
Early Dry Season 50 ote 
Late Dry Season 45 50 


The gross energy contents of the composite diets were not 
very different from season to season and an average value of 
18.4 MJ per kg DM was used to calculate digestible energy 
(DE) from which ME was obtained from the relation, ME = DE x 
0.82 (A.R.C., 1965). Apparently digested crude protein (DCP) 
was calculated from two sources (NRC, 1976 and McDonald et 
al., 1973). The values obtained from these sources are 
compared with minimum requirements for maintenance = and 
moderate growth (A.R.C., 1965)(Table 3.4). Under kraaling a 
300 kg heifer ingested 61 MU of ME per day and this fell by 
26% in the early dry season to 45 MJ and by 33% in the’ late 
dry season. Corresponding ME intake under’ free-range 
conditions were 61, 52 and 48 MJ. Under kraaling DCP intake 
per day (g) estimated by the method described by McDonald et 
al. (1973) was 318 during the wet season, 90 during the 
early dry season and only 54 during the late dry season. 
Free-range cattle consumed 102 and 63 g during the early and 
late dry seasons, respectively. Estimates by the NRC (1976) 
are much higher than these values especially for the late 
dry season where they are about 200% but still less than the 


minimum A.R.C. (1965) requirements for maintenance (Table 
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3.0.2.5 Estimates of Daily Amounts of Animal Activities 

FOMcamind | Ss that -forage _to obtain. “almost all their 
daily intake of nutrients, the cost of such activities could 
become significant especially in times of drought and _ feed 
scarcity. Among the activities cattle do each day, the most 
significant ones are standing, walking, grazing or eating 
and ruminating. There are very few quantitative studies of 
Such actrvyriiess im West Africa. In the- Sudan savanna, 
nomadism is the major mode of raising cattle and herdsmen 
drive their animals over extensive areas in search of feed 
and water ( Oyenuga, 1966; Oyenuga et al., 1971). Cattle in 
the Bawku district form an integral part of this seasonal 
activity of grazing livestock but grazing management is not 
nomadic. It is a mixture of night-enclosure (or kraaling) of 
animals after the day’s grazing during the wet season and 
also during the dry season. In certain parts of the 
district, however, a system prevails whereby cattle are left 
to graze without herding (free-range) during the subsequent 
dry season. 

Estimates of the amounts of daily activities by cattle 
in the Bawku vicinity are summarized in Table 3.5. These 
estimates are a composite of values reported in_ the 
literature for both the West African savanna areas and 
identical climatic regions in East and South Africa where 


native cattie management practices are not essentially 
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Table 3.5. Amounts of daily activities of cattle in the Bawku District. 


Season Wet Early dry Late dry 


Management system Kraaled Kraaled Free-range Kraaled Free-range 


Activity per day 
Standing (h) 18 18 19 18 19 
Walking (km) 


Forced walking! 3 8 0 13 0 
Voluntary walking 4 6 10 6 18 
Grazing (h) 7.5 6.5 10 5.5 10 
Ruminating (h) 6 6 7 6 7 


1Average walking speed approximately 4 km/h. 


2Average walking speed of between 0.3 and 0.6 km/h. 
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Giffernen Ste Smitheaeto62 4 Smith, (01970%e RosesInnesie:! 1963: 
1966). The author’s personal observations were also used in 
the derivations of these estimates. In Table 3.5, walking is 
separated into two components, viz., forced and voluntary 
walking. Forced walking refers to the distance walked by 
cattle from the village to the grazing grounds, from _ the 
grazing grounds to watering points and back to the grazing 
grounds and thence to the village. During part of this 
journey cattle do manage to graze but it is assumed that the 
speed of walking (taken as 4 km/h) prevents them’ from 
ingesting more than 20% of daily DM intake. Voluntary 
walking is the total distance traversed by cattle during the 
act of grazing which involves walking short distances 
between bites of tussock grasses. 

For Kraaled cattle the distance walked per day _ under 
forced walking is 3 km during the wet season, increases to 8 
km during the early dry season and is four times as much (13 
km) during the late dry season ( Table 3.5 ). Voluntary 
walking correspondingly increases from a value of 4 km in 
the wet season to 6 km during the early dry season but 
thereafter remains unchanged. The increasing distances are a 
reflection of a combination of factors, the most relevant of 
which are the deteriorating quality of available forage and 
the cow’s attempt to select nutritious components, and an 
absolute scarcity of feed that results from the uncontro! led 
burning of highly inflammable dry grasses. Free-ranging 


cattle also increase the distance they have to travel (18 km 
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in the late dry season) in order to graze and water but this 
also results in an increased DM intake from 6.0 to 7.0 kg ( 
fabters3.4)2° Standing’ \occupiesabout °80% .ofvea - grazing 
animal’s day and 18 to 19 hours are spent in this activity 
during the different seasons and management systems. Part of 
this time is used in grazing activity, the number of hours 
decreasing from 7.5 in the wet season to 5.5 in the late dry 
season under kKraaling management (Table 3.5). With kraaling, 
cattle are normally sent out to graze at about O08h00m and 
returned to the kraal at sunset (18h00m). Cattle under this 
system of management therefore have only 10 hours’ for 
grazing and associated activities. Free-ranging cattle are 
not subject to this restriction and are able to increase 
their grazing time from 7.5 to 10 hours per day. The number 
of hours spent ruminating does not vary much, reflecting the 
general bulkiness of the feed, and is between 6 and 7 hours 


per day in all seasons (Table 3.5). 


3.0.2.6 Daily Energy Budget for a 3-year-old, Non-pregnant 
Sanga Heifer 

The Sanga is the cross between the Ghana Shorthorn and 
zebu. For example, the White Sanga is a cross between the 
White Fulani and the Ghana Shorthorn or West African 
Shorthorn. The characteristics of the Sanga and White Fulani 
are very similar (Table 3.1) and the Sanga is chosen to 
represent cattle of the Sudan savanna zone. This zone has a 


predominant Zebu cattle population of which the White Fulani 
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is the most numerous (Oyenuga, 1967). A 3-year-old heifer is 
assumed to have reached puberty since the age at first 
calving is 3.5. years. the procedure involved in the 
calculation of the energy budget has been outlined in the 
introductory section (page 39). Preferred values of the 
energy costs of activities are presented in ‘Table 1. The 
amounts of daily activities and the intake of dry matter and 
ME by cattle in the Bawku district are summarized in Tables 
SOW ao 

The estimated daily energy budget is given in Table 
3.6. A constant liveweight of 300 kg is assumed and daily 
maintenance requirement of ME is taken as 468.LW°75 Mu per 
day (A.R.C., 1965). The ME content of liveweight gain or 
loss is assumed to be 20 Mud/kg. The results show that under 
Kraaling management, energy expenditure involved in all 
activities represented 30%, 35% and 37% of the combined 
maintenance and activity costs during the wet season, early 
dry season and late dry season, respectively. Corresponding 
values for free-range conditions are 30%, 36% and 41% (Table 
3.6). When the activity costs are expressed as percentages 
of daily ME intake in the case of kraaled cattle it is seen 
thats: 23%. 139%, and. 49% of daily ME antakeeis ulilized sin 
activity during the wet, early dry, and late dry _ seasons, 
respectively. For free-ranging cattle, the corresponding 
values are 23%, 36% and 49%. Consequently, cattle consume 
enough feed and expend relatively little of the ingested 


energy in activities during the wet season. 
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Energy is retained that is reflected in daily liveweight 
Gains, Theedatlyeliveweightsagainesofigt0vh {kg oiseus light by 
higher than the average values reported for grazing cattle 
in the region but lower than the highest values recorded for 
cattle on improved pastures (Oyenuga,1975). Under field 
conditions one would have to take account of disease status 
and the incidence of parasites like ticks which have been 
shown to affect animal performance (Frisch, 1976). The 
decreased intake of ME in the dry season is associated with 
daily losses in liveweight and this is more so in the late 
dry season and with kraaling management than in the early 
dry season. With kraaling , cattle lose 0.3 Kg per day in 
the early dry season and 0.6 kg per day during the late dry 
season (Table 3.6 ). These values are within the range (0.0 
to -0.5) reported for cattie weight losses during the dry 
season (Mittendorf, 1963 as cited by Oyenuga, 1966; Leeuw, 
1971 as cited by Crowder & Chheda, 1977). On an annual basis 
the calculated liveweight gains and losses would result in a 
net gain of 41 kg’ for the Kraaled cow and 79 kg for the 
free-ranging cow. 

When the individual activities are examined, one finds 
that under both kraaled and free-range conditions’ the 
proportion of daily ME intake that is utilized for standing 
or ruminating is 3% during the wet season and approximately 
4% during both the early dry and late dry seasons (Table 
3.6). Walking in all its forms accounts for 7% of ME intake 


during the wet season, 19 and 12% for kKraaled and free-range 
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situations during the early dry season, and 29 and 24% 
during the late dry season, respectively. Forced walking 
accounts for 20% of the ME intake during the late dry season 
under kKraaling management but this is still less than the 
24% observed for the free-ranging cow. The contribution of 
grazing costs to the cow's daily energy budget is less 
extreme. During the wet season 10% of ME intake is used 
during grazing and this increased slightly to 12% and 11% in 
the early and late dry seasons for kKraaled cattle. The early 
and late dry season values for free-range cattle are 16 and 
18%. The present analysis tends to indicate that the extent 
of activity per se is not the overriding factor that results 
in free-range cattle gaining twice the liveweight put on by 
cattle per annum under kKraaling management but the fact that 
kKraaling seriously prevented animals from ingesting much 


needed energy and other nutrients. 
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3.0.3 CASE B: TAMALE DISTRICT 
3.033. f-Introduction 

Tamale is located in the central part of the Guinea 
Savanna woodiand region of Ghana (Figure 2), latitude 09° 
25 “N amd: longitude 00-—53’-W.° The -landscape= is. flat. and 
low-lying, being only about 180 m above mean sea level 
(Ghana Meteorological Services, 1972). The district of 
Tamale covers about 1800 km? and in 1978 it carried 68,074 
head of cattle (Veterinary Services, Tamale, 1978). The 
composition of cattle herds was 85% West Afracanmehor thorn, 
12% Sanga and 3% N’ Dama. Cows and heifers made up 63% of 
herd total. 

Management of cattle is similar to that of the Bawku 
District except that year-round kraaling is the rule and 
free-ranging is the exception. Cows are milked in the 
morning and driven off to graze communal grazing grounds 


until sunset when they are returned to the kraal. 


3.0.3.2 Climatic Environment 

Figure S illustrates the monthly variation in 
temperature, in relation to the Bawku and Techiman 
districts. Overall, the climate of Tamale is very similar to 
that of Bawku. The mean annual temperature for Tamale is 
27.8°C and mean maximum and minimum temperatures are 33.5 
and 22.2°C, respectively. However, during February and 


March, maximum temperatures exceed 37°C (Table 3.7). This 
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could have unfavourable effects on grazing cattle because 
the customary nightly kraaling practice permits grazing only 
during the day. The low temperatures in January and December 
@eecur during the night and are associated with the 
occurrence of the harmattan. 

Relative humidities are low during the harmattan season 
(December to February) and water resources are scarce. 
Relative humidity at O9h00m is at a low value of 35% in 
January, gradually increasing to about 70% at the start of 
the wet season (April), attaining a peak (86%) in September 
and trailing off to a little over 60% by the end of the year 
(liable = 3.7)" Relative, humidity “values “at 15h00m are 
Significantly lower than at O09h00m but the seasonal trend is 
still sidentical, siher probabil ity srof seraincsta hing ’ron“arany 
particular day is much higher during May to October when 
relative humidity at 15h00m is over 50%. At the beginning 
and end of the calender year the number of days that receive 
0.25 mm or more of rainfall per day (raindays) are less than 
5 per month. During the wet season one out of every two or 
three days receives 0.25 mm or more of rainfall. September 
has 18 raindays and an average rainfall of 226 mm. The 
amount of deanean tapersvoftf intboth dimeetionsreanter  cthe 
peak in September. On the average SQ days in the year 
receive 0.25 mm or more of rainfall per day giving a 
rainfall total of 1084 mm. 

Despite the apparently high amounts of precipitation, 


wide seasonal and annual variations occur so that the annual 
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dependable rainfall, that is the least amount that would 
fall, is estimated as 864 mm (Benneh, 1971). Furthermore, 
evapotranspiration rates are high and with an-_ estimated 
water storage capacity of the sandy soils of the district as 
3057mms,. thesdistrict actually*has an’ annual rainfallodeficit 
of 711 mm and this occurs mainly in the dry season (Benneh, 
1971). Solar radiation levels have been estimated as 1.9 kd 
per cm? (Ussher, 1969). There are 7.0 h/day and 8.6 h/day of 
bright sunshine during the wet and dry seasons, 
respectively. The daily photoperiod is approximately 12 h 


throughout the year (Walker, 1962). 


3.0.3.3 Non-climatic and Other Background Information 

The Guinea savanna zone is ueueeoung populated in Ghana 
and population densities outside of urban centers are 4 to 
10 persons per km2 (Benneh, 1971). People in the Tamale 
district are mostly farmers’ who cultivate consumable and 
cash crops as well as raise cattle. Land rotation is 
practised in all areas but rotations are generally shorter 
near settlements. The land tenure system is communal. Fallow 
fields (as well as the uncultivated woodland = savanna) 
provide grazing for animals. Grass genera include tall 
tussock species such as Andropogon, Hypparhenia and 
Pennisetum. Others include Aristida spp. Milinis” spp., 
Loudesia spp. and Sporobolus spp. Soils have low inherent 
fertility and the dung obtained from kraaled cattle is used 


to fertilize farms near the settlements. After the crops 
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have been harvested, cattle are allowed to _ forage the 
standing residues. Animals also have access to by-products 
of the harvested crops which include Bulrush millet 
(Pennisetum typhoides, Stapf. and Hubbert), Guineacorn 
(Sorghum vulgare), Groundnuts (Arachis hypogaea, Linn.) and 
Rice (Oryza sativa). Most of these crops are. harvested 
between October and December. Crop residues are therefore, 
available in greater quantities to cattle during the early 
dry season (November to January) than during the late dry 
season (February to early April). 

Burning of vegetation is an integral part of the land 
clearing process in the Tamale district. People also set the 
vegetation afire for hunting purposes. The burning of 
vegetation during the early part of the dry season is 
believed to enhance the growth of tall grasses (Ramsay and 
Rose-Innes, 1963). Controlled burning can be aé_e good 
management tool in providing fresh nutritious herbage to 
foraging cattle. However, the peasant herdsman has not the 
means of controlling fire once it is started and the result 
is that large areas of the savanna woodland become bare and 
it then becomes necessary to drive cattle to far away places 
to graze and water. 

Tsetse flies (Glossina species) abound in all parts of 
the Guinea savanna zone. The exception is specific areas 
which have been made tsetse-free by a combination of spray 
techniques and vegetation clearance. Dense woodland usually 


along rivers and streams are very suitable habitats of 
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various species of tsetse fly. 


3.0.3.4 Estimates of Feed Quality, Diet Composition and 
Intake 

Table 3.8 summarizes by season and fodder group, the 
quality of feed consumed by cattle in the Tamale District. 
Listed in fable 3.8 .also are the principal fodder. species 
encounted by grazing animals and the per cent availability 
of fodder species to the animal. The principal grazed grass 
genera are Andropogon, Hyparrhenia, Schizachyrium and 
Loudesia (Rose-Innes, '/1962; F.A.0., 1968; Wills, 1962). 
Grazed leguminous trees’ and shrubs include Acacia albida, 
and species of Afzelia, Bauhinia and Pterocarpus. The forbs, 
Borreria stachydea and vacquemontia tamnifolia are also 
considered to be important dry season fodder plants’ for 
cattle (Boudet, 1970). Also crop residues such as bulrush 
millet, sorghum, groundnuts and rice are available to 
grazing cattle during the dry season. 

There is a wide range of DM contents of all fodders 
during the different seasons. In general, DM values are _ low 
during the wet season and substantially high during the late 
dry season (Table 3.8). The DM content of grasses varies 
feom: 127 to 704: of legumes 35 eto 3%4; forbs 25. to 284; and 
crop residues 45 to 60%. Concomitant with these changes in 
DM, the CF content of grasses falls from 27 to 404; of 
legumes from 17 to 28%; forbs 20 to 35%; and crop’ residues 


20 to 40%. Crude protein values are, except for the legumes, 
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very jow. The CP content of grasses-are from 2° to: 10%: of 
Legumes.) ji alO- an, storbs, 3. to W245 .ana-crop residues 2 to 
14%. Estimated average values of DM, CF, and CP of the 
fodder species consumed by cattle are also included in Table 
3.8. For example, the DM of grasses consumed during the wet 
Season, 1S 2/74, CF 1s 304 and CP is 8%. Corresponding values 
during the early dry season are 45%, 33% and 54 and during 
the late dry season, the DM, CF and CP values are 70%, 33% 
and 4.5%, respectively. 

Cattle consume different proportions of grass, legumes, 
forbs and crop residues during the different seasons. 
Estimates of the different proportions of the four fodder 
groups shown in Table 3.8 have been used to formulate a 
composite diet for grazing cattle during the wet and dry 
seasons. 

Table 3.9 gives the estimated diet composition and also 
the daily intake of dry matter, energy and digestible 
protein by a 200 kg, non-pregnant West African Shorthorn 
heifer. Whereas there is a 2 to 4% increase in CF content of 
herbage consumed in the dry season over the wet season value 
Ofas0e, thesGe values of 5. 3eand 55 14:0f early sand=rate “dry 
season herbage are all lower than the critical value of 6% 
required to maintain the bodyweight of Fulani cattle (Miller 
et al., 1963). The ME content of dry season herbage is about 
10% lower than that of the wet season. The ME value of 7.9 
Mu/kg DM of wet season herbage is comparable to that 


observed for many tropical grass species (Johnson et 
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ame On eGOMl eto oo. Dal lvardny «matter “intake: for. the 
Grirerent- seasons were 5.5 .kg, 4.4 kg and 4.0 kg. or .2.75%, 
2.2% and 2.0% of liveweight equivalent during the wet, early 
dry and late dry seasons, respectively. Consequently, daily 
intake of ME (MuU/day) was 43.4, 31.7 and 27.4 mJ during the 
wet season, early dry and late dry seasons. The low’ intake 
Of poor quality DM in the dry season also results in low 
intakes of both CP and DCP. Estimates based on NRC (1976) 
indicate that the DCP intake of 250 g/day during the wet 
season is adequate to support a little less than 0.6 kg/day 
liveweight gain. The intake of 88 and 73 g/day of DCP during 
the early and late dry seasons are only 74% and 64%, 
respectively, of the A.R.C. (1965) minimum requirements for 
maintenance. Thus, protein intake is not only inadequate for 
minimal gain but also inadequate in meeting maintenance 


needs. 


3.0.3.5 Estimates of Daily Amounts of Animal Activities 

Cattle in the Tamale District are predominantly night 
kraaled during all seasons of the year and have only an 
average 10 h per day during which grazing and associated 
activities may be done. Within the constraints of this 
management system and the availability of herbage , daily 
amounts of animal activity have been compiled. The results 
are summarized in Table 3.10. 
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Table 3.10. Amounts of daily activities of cattle in the 
Tamale District. 


Season Wet Early dry Late dry 


Management system Kraaled Kraaled Kraaled 


Activity per day 


Standing (h) IW 18 19 
Walking (km) 
Forced walking! 3 6 12 
Voluntary walking 2 4 7 i 
Grazing (h) 7 6 6 
Ruminating (h) 6 675 7 


1Average walking speed approximately 4 km/h. 


2Average walking speed of between 0.3 and 0.6 km/h. 
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6 km in the early dry season and again to 12 km in the late 
dry season. Voluntary walking increases from 4 km in the wet 
season to 7 km in the early and late dry seasons. The hours 
spent standing are between 17 and 19 h in all seasons and 
grazing time during both the early and late dry seasons is 6 
h, one hour lower than the wet season. The reduction in 
effective grazing time during the dry season is related to 
the constraints placed on cattle by the limited time 
available for grazing activity, the scarcity of feed and 
prevailing hot conditions. Ruminating time increased by 
half-hourly margins from 6h during the wet season to 7 h 
during the late dry season. The above estimates of the 
amounts of daily activities could vary depending on the 
settlemnt type and the degree of utilization for crop 
production of the land nearest the settlement. The amount of 
walking would be less for cattle in rural villages with a 
nearby source of water supply and large uncultivated tree 


savanna than for communities which lack these facilities. 


3.0.3.6 Daily Energy Budget for a 3-year-old, Non-pregnant 
West African Shorthorn Heifer 

Table 3.11 summarizes the components of the estimated 
daily energy budget for a 3-year-old, non-pregnant West 
African Shor thorn heifer. Metabolizable energy intake 
(MU/day) during the wet, early dry and late dry seasons 
were, respectively, 43.4, 31.7 and 27.4. These values are 


directly related to feed intake and the lower digestibility 
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Table 3.3]. Daily energy budget for a 3-year-old non-pregnant West 
African Shorthorn heifer in the Tamale District. 


Season Wet Bavivedry.) “Latevdry 
Management system Kraaled  Kraaled Kraaled 
Weight of animal (kg) 200 200 200 


Daily intake 
Dry matter (kg) 5.5 4.4 4.0 


a 


Metabolisable energy (MJ) Agee B17 (at fp 


Daily output 


(a) Maintenance (MJ) 24.9 24.9 24.9 
(b) Activity (MJ) par ss 14.0 
Standing | lea ‘hee 
Forced walking 13 2.5 Shea 
Voluntary walking ee, 2.9 2v9 
Grazing See, 3 4 3.4 
Ruminating eZ MES 1.4 
Total (atb) (MJ) 34.1 36.2 38.9 
Estimated daily balance 
Energy balance (MJ) +93 -4.5 -11.5 
Weight gain (kg) +0.5 -0.2 -0.6 
Experimentally determined 
weight gains (kg/day) 0.7- -0,4! -0.5! 
0.5! 0.02 -0.4! 
0.52 0.02 
0.52 a0 de 
0.3° 


Source: 1. Mittendorf (1963) cited by Oyenuga (1966); 2. Rose Innes 
(1966); 3. Leeuw (1971) cited by Crowder and Chheda (1977). 
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of DM of dry season feeds. Utilization of daily ME intake 
was largely for maintenance, and this represented 57, 79 and 
91% of total ME intake during the respective seasons. Since 
cattle have to engage in one kind of activity or the other 
in securing and metabolizing the feed, energy utilization 
for such activities were 21% of total daily ME intake during 
the wet season, and 36 and 51% during the early and late dry 
seasons, respectively. Hence, whereas the sum of the daily 
maintenance expenditure and total activities was only 79% of 
daily ME intake during the wet season, this increased to 
114% during the early dry season and to 142% during the late 
dry season (Table 3.11). The estimated values were 34.1, 
36.2 and 38.9 MJ per day for the wet season, early dry 
season and late dry season, respectively. Cattle gained in 
liveweight during the wet season when adequate amounts of 
forage were consumed but lost weight during the early = and 
late dry seasons when feed intake was insufficient to 
maintain liveweight. 

Assuming that the energy content of both liveweight 
Gainesande? loss dist 201Md/Kosl Her. Ces te96550M.A Fer whi O75; 
Webster, 1979), the analysis of the daily energy budget for 
a typical West African Shorthorn heifer indicates that the 
animal gains about 0.5 kg of liveweight per day from 
mid-April to the end of October (93 kg total gain). Between 
November and January she joses approximately 0.2 kg per day 
(or a total of 21 kg) and again loses about 0.6 kg/day 


between February and the first two weeks of April (or 44 kg) 
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(Table 3.11). On an annual basis, such an animal will gain 
28 kg or 14% of its initial liveweight. 

The daily liveweight gain of 0.5 kg is slightly less 
than the average of the values of 0.5 and 0.7 kg/day 
estimated from liveweight gains in the rainy seasons 
reported by Mittendorf (1963), (as cited by Dyenuga, 1966). 
The gains are however, comparable to 0.45 kg/day reported by 
Rose-Innes (1966) and 0.49 kg/day reported by Leeuw. 1971 
(cited by Crowder and Chheda, 1977). During the early part 
of the dry season a typical animal under’ the kraaling 
management system loses 0.2 Kg liveweight per day. During 
the late dry season daily liveweight loss is 0.6 kg/day 
(Table 3.11). The losses during the early dry season tend to 
be much higher than values obtained from. grass/legume 
pastures during identical periods (Oyenuga, 1975) but the 
average of the early and late dry season liveweight’ losses 
is comparable to the value of 0.41 kg/day observed during 
the dry season by Mittendorf (1963) (cited by Oyenuga, 
1966). The liveweight losses may be explained by the low 
intakes of ME and the greater extent of activities, 
particularly, walking and grazing during the dry season. 
During the wet season energy utilization for forced walking 
represented only 3% of daily total “ME “intake whilst 
voluntary walking accounted for 4%. In the early dry season, 
with feed resources becoming scarce, there was more than a 
two-fold increase in energy utilization for both forced 


walking (8%) and voluntary walking (9%). Forced walking 
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alone accounted for 18.4% of total daily ME intake during 
the late dry season. During this period the two components 
of walking represented a daily energy expenditure of 8 Mu or 
29% of daily ME intake (Table 3.11). 

Energy utilized for grazing activity during the dry 
season was 324 Mu/day -or 86% of that of «the wet season. 
Energy expenditure in standing and ruminating were similar 
during the different seasons and varied between i.1 and 1.4 


MU per day. 
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3.0.4 CASE C; TECHIMAN: DISTRICT 

3.0.4.1 Introduction 

Techiman is an agricultural-commercial town located 
within the forest-savanna transition zone (Derived savanna 
zone } Of) Ghanewe Pigure sis.2)ee Techiman’ s «situation is 
Paeinuce, Og 2oo oN) “and longitude 0% we 55°W. Unlike® (the 
previous districts of Bawku and Tamale, the Techiman 
district is ‘high country’, lying about 430 m above mean sea 
leve] (Ghana Meteorological Services, 1972). Extensive 
cultivation and burning of vegetation has helped to maintain 
grassy fallows’ interspersed with trees of varying density. 
The predominant breed of cattie is the West African 
Shorthorn. On a regional basis the cattle population of the 
Brong Ahafo Region of Ghana (of which the Techiman district 
is part) is only about 6% of that of either the Northern or 
Upper Regions (represented by _ the Tamale and Bawku 
Districts, respectively). In 1976, the Brong Ahafo region 
had ya. "cattile {population .of— 17, 489 (Ghana Veterinary 
Services, 1977). Cattle are managed largely by kraaling 


systems. 


3.0.4.2 Climatic Environment 
The general pattern of temperature, relative humidity, 
raindays and rainfall in the Techiman district is shown in 


Figure 3. Details of these climatic parameters are given in 
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Table 3.12. The monthly mean temperatures are lower than 
those in the Bawku and Tamale districts. The annual mean 
temperature of 25.7°C is 2°C lower than that of the Tamale 
district. There are not many months with maxX imum 
temperatures in excess of 32°C and _ the highest maximum 
temperature of 34°C recorded in February is 6°C lower. than 
the maximum temperatures in the Bawku district. Relative 
humidity is very high throughout the year and _ increases 
steadily from January to reach a peak of 90% in 
August/September. Thereafter relative humidity declines but 
stays above 50% except for January and February at 15h00m. 
Rainfall occurs in two regimes; a major one occurring 
between March and July with a break in August then fol lowed 
by a minor one in September to early November. December’ to 
February are regarded as dry months and have four or less 
days in a month with 0.25 mm or more of rainfall per day. On 
an annual basis 100 days per year are raindays and during 
June, September and October approximately one out of every 
two days is a rainday (Table 3.12). Total annual rainfall is 
1345 mm of which 990 mm is considered dependable (Ussher, 
1969) Heit citheregris scanyrrainta th deficiency. ative. 4 tors 
very likely to be minimal. Mean daily solar radiation is 1.7 
kJ per cm2 and the number of bright sunshine hours per day 
are on the average 5 h and 7 h for the wet and dry seasons, 


respectively (Ussher, 1969). 
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3.0.4.3 Non-climatic and Other Background Information 

The Techiman District is within the farming zone where 
meer crops) «such ds. Cacao” and palm= form ah important 
component of the farming system. The symbol of the office of 
chieftaincy is the stool. The land is vested in the stool 
and land tenancy is a common practice. Grazing is done on 
stool lands in an identical way as is done on communal lands 
of the Tamale and Bawku districts. Cattle are kKraaled in the 
evenings and during the day they are driven across fallow 
fields by hired herdsmen or adult members of the family. The 
characteristics of the predominant’ breed (West African 
Shorthorn) have been given in Table 3.1. 

The tsetse fly incidence in this district is more 
severe than in the Tamale and Bawku districts and may result 
in animals being subjected to the effects of transient 


trypanosomiasis. 


3.0.4.4 Estimates of Feed Quality, Diet Composition and 
Intake 

Many of the grasses present in the Guinea savanna zone 
are also prevalent in the derived savannas. They include the 
genera Andropogon, Hyparrhenia and Pennisetum. Also found on 
cleared lands and along road sides are the species Panicum 
maximum and Loudesia arundinacea. Leguminous fodder plants 
may be represented by the introduced species, Centrosema 


pubescens, Desmodium intortum and Stylosanthes gracilis. 
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Forbs occur within the grass/jlegume mixtures and among the 
cultivated crops for human consumption are maize (Zea mays) , 
cassava (Manihot esculentum) and groundnuts (Arachis 
hypogaea). Residues from these crops may be available to 
cattle during the post-harvest season. 

Table 3.13 summarizes the nutritive composition of the 
grasses, legumes, forbs and crop residues that comprise the 
diet of grazing cattle in the Techiman area. The data have 
been derived in a similar fashion as that described for the 
Bawku and Tamale districts. Dry matter contents of all 
fodder species increase from the wet season to the dry 
season, the increase being more marked for grasses and crop 
residues than for legumes. The DM content of forbs is low 
during the wet season and relatively high during the dry 
season but the dry season values are much lower than that of 
grasses and crop residues. The DM content of feed estimated 
to be consumed by cattle vary from 25 to 55% for grasses, 27 
to 32% for legumes, 20 to 28% for forbs and 30 to 40% for 
crop residues (Table 3.13). The range of values actually 
encounted by the grazing animal is wider than these and is 
estimated between 15 and 85%. The CF and CP content of the 
different fodder species are also very variable (see values 
in parenthesis in Table 3.13) and herbage with high CP and 
low CF content is found to be more prevalent in the wet 
season than in the dry season. Legumes. are high in CP 
content during all seasons. 


Based on the above estimates of nutritive composition 
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of the different fodders encounted by grazing cattle, an 
estimated composite diet with differing proportions of 
grass, legume, forbs and crop residues is presented in Table 
34 14.) In all seasons, CF: varies from 27.8 to 31.0% and CP 
ranged from 6.0 to 9.0%. ME content of the diet varied from 
7.9 MJU/kg for wet season feed to 6.9 MJ/kg for dry season 
feed. Intake of DM was 5.5 kg during the primary wet season, 
4.5 kg during the mid-season or mini-dry season, 5.0 kg 
during the secondary wet season and 4.5 kg during the dry 
season. Consequently daily ME intake, MJ/day, during’ the 
respective seasons were 43.4, 32.4, 39.5 and 30.9. Because 
of the higher CP content of wet season feed compared to dry 
season feed, the intake of digestible crude protein 
(estimated from NRC, 1976) in g/day was 313, 130s 637. and 
118 for the primary wet season, mid-season, secondary wet 
season and dry season, respectively. The estimates obtained 
by using the equation of McDonald et al. (1973) are much 
lower than these but they follow a similar trend. When the 
CP intakes are related to the minimum requirements for 
weight gain given by A.R.C. (1965) it is seen that DCP 
intake during the mid-season and dry season are just within 
the 120 g/day required for maintenance. The daily intake of 
263- to 313 g/day during™ the wet season is apparently 
adequate to support a daily liveweight gain of 0.6 kg/day. 


a) ao ott a eip 


a al? 7 i &.TS wer aah 7% etal 
moi? betsy tath ed} te paeeie Re. e at oe nes e 
+ ane ra. ing noeese iow peo 

onl qb oe ag el mq ate | 

2 chiee yit-inie, se neeees him wit ant ub g ox & 

no oN 2.8 ‘Bek’ neon, Tee asprosee arit: : 

ert “n, evs Sh = witb» yi tmeupeanind 3 | 
O.%¢ eet eoemt’ gneeese avt tas ati 

Se in To trrnes F9 verigin a 

is se ons wit ard | ‘best | a ” 

ns nein alee Ca A son? bet scitdemt 
ineche- Sie (oes lee y Veet Fey, ot as: | 

Siem Neg ati net eas wee oenan vie bas 

m, (899° Va FehhetoGte not tate ort entan 

Hoga) sel tare = ware wae bac ose? AGE ‘3 


“YGuns”- sant ta tai ory wader be “pis par | 
- La) 
i> Teese 


ve. ae: Maile “Shr: oy7l eri 8: 
TS eh6oni Vi igi set sonscetotanh ite ben iaged eabie 0 ta 


- 
ee eee eee le 
ral LoN ; qd +e Ohh, an es 
vse ga 3.0 te Aigg. tiighowes tl COs Teague ot os OB 


aii, 


“ah, 


' aet) Ae. x ve raw key a4 


ad 
x 
.¢ 
S 
| 
es) . 
~ 
= 
— no : 
ol 
A 


oe 


*;e 19 plLeuogow UO paseg aye{UL pazewL Sy 


SLL €92 O€L Ele 7(4) 

28 822 16 Q/Z 1(e)(6)uLazoud apnud 21 qL4sSeab1q 

012 OS v8z RAS (6) urazoud apnug 
6°0€ G’6E b°2€ bep (CW) Abuaua aL qest Loqezow 
Bas L°8v G*6€ 6°25 ((W) Abuaua a1 qiqzsabig 
G*Y 0°S Gt G°c (64) sazqeu Aug 

ayezUL paay AlLeq 

8°9 8°/ Gi B°L (64/¢W) Abuaua al gest Logezay 
€°S 9°6 L°8 9°6 (64/(W) Abusua 21417 sSab1¢G 
0°9 0°6 €°9 G*6 (%) UL8ZO4d apnug 
OLE 0°82 8°62 Sal (%) Aaquy apnug 


UOLZLSOdWOD paea4 


paleeuy paleeuy pa| eeu paleeuy wa7SAsS JUsWAabeUeW 
(Auepuodas ) (Anew) 
Aug 79M PLY 79M uOSeas 


"TVOLUTSLG URWLYDA! BY} UL ayYeZUL ZUaLUZNU 
pue pods ALLep pue (Suappos Ledtoutud Jo suolquodoud uoj pazYHLam) uolzLsodwod yaLtp pazewlzsy “pL Ee F1geL 


nots af Tikes 


(2) ect? sbwt 


— - (hp iAlaton9 abu 
Ppa) versie atereastth 


fowkuah LG1SNS sfos2) TosataM 


f.7 r 


PERLE 


Si 


wt 


ine) 


yah} 


> © 


ess 


3fu 


5383 () 


Yaas wh 


(th) vanona oigtt 


best ylhol) 


ae + 
y¢ ae 


Snb tl 


2) Weiss oidset fodsien 


nreTresy abu. 


——— ten! 


“aged ong? ir? 


Bed 


19 afdtgesoid 


° oe o-- 


tesar 


a7 


94 


3.0.4.5 Estimates of Daily Amounts of Animal Activities 

The daily amounts of animal activities are given in 
Table 3.15. Cattle have been estimated to spend 17 h 
standing during the primary and secondary wet seasons, 17.5 
h during the mid-season and 18 h during the dry season. 
Forced walking increases minimally from 2 km during the wet 
season to 3 and 4 km during the mid-season and dry season, 
respectively. The distances walked during voluntary foraging 
activity are not great and they increase from 2 km _ during 
the wet season to 5 km during the dry season. The length of 
time spent grazing varied between 6.5 and 7 h. In the dry 
season cattle managed to increase their grazing time to 7 h 
and feed intake increased to the same level attained during 
the mid-season. The number of ruminating hours also 
increased from 6 h in the net season to 7 h during the dry 
season, a reflection of the increase in CF values and 


general poor quality of the feed. 
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Table 3.15. Amounts of daily activities of cattle in the 
Techiman District. 


Season Primary wet Mid- Secondary wet 


Management system Kraaled Kraaled Kraaled 


Activity per day 
Standing (h) 17 ligels 7 


Walking (km) 


Forced walking ! 2 3 2 
Voluntary walking 2 4 2 
Grazing (h) 7 6.5 6.5 

Ruminating (h) 6 7 6 


lAverage walking speed approximately 4 km/h. 


2Average walking speed of between 0.3 and 0.6 km/h. 
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3.0.4.6 Daily Energy Budget for a 3-year-old, Non-pregnant 
West African Shorthorn Heifer 

The daily energy budget of a 3-year-old, non-pregnant 
West African Shorthorn heifer is given in Table 3.16. The 
daily intake of ME (MJ/day) is estimated at 43.4 during the 
primary wet season and slightly lower (39.5 MuJ) during the 
secondary wet season. During the mid-season or mini-dry 
season ME intake is 32.4 MJ/day and this decreases slightly 
to 30.9 MJ/day during the dry season. A 200 kg animal with 
maintenance energy expenditure of 24.9 MuJU/day uses between 
SO anass0 Ze od “alts: total. .daily*® ME tntake for this “basa? 
activity during all seasons. On the average 7.7 MuU/day of ME 
is utilized for animal activities during the wet seasons but 
this increases to about 10 MJ/day during the dry season. 
When expressed on the basis of daily ME intake, daily 
activities represented 18, 28, 19 and 37% of daily ME intake 
during the primary wet season, mid-season, secondary wet 
season and dry season, respectively. The individual 
activities that contributed significantly to daily energy 
expenditure were grazing (9 to 13%) and combined forced and 
voluntary walking during the dry season (9 to 12%) (Table 
SM Gde Energy expenditure involved in standing and 
ruminating represented between 3 and 54 of total daily ME 
intake. When the energy utilised for maintenance and daily 
activities is subtracted from the daily ME intake there is a 


net gain during the wet seasons and a net loss during the 
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Table 3.16. Daily energy budget for a 3-year-old non-pregnant West 
African Shorthorn heifer in the Techiman District. 


Season Primary Mid Secondary Dry 
wet wet 

Management system Kraaled Kraaled Kraaled Kraaled 

Weight of animal (kg) 200 200 200 200 


Daily intake 
Dry matter (kg) 5.5 4.5 5.0 4.5 


OS) 


ol 


Metabolisable energy (MJ) 43.4 32.4 39. 


Daily output 


(a) Maintenance (Md) 24.9 24.9 24.9 24.9 
(b) Activity (MJ) 7.8 9.1 7nd Ws 
Standing lhe Teal lel By 
Forced walking 0.8 123 0.8 La 
Voluntary walking 0.8 ray 0.8 raed 
Grazing 3.9 3.6 346 3.9 
Ruminating Ley 4 Tec 1.4 
Total (atb) (MJ) Bon? 34.0 32.4 S52 
Estimated daily balance 
Energy balance (MJ) +10.7 -1.6 Me -4,3 
Weight gain or loss (kg) +0.5 -0.1 +0.4 -0.2 
Experimentally determined 
weight gains (kg/day) One -0.5! 
0.5! -0.4! 
0.5 
0.59 
0. 3° 


Source: 1. Mittendorf (1963) cited by Oyenuga (1966); 2. Rose Innes 
(1966); 3. Leeuw (1971) cited by Crowder and Chheda (1977). 
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dry season. Conversion to liveweight gains or losses by’ the 
factor 20 MJ ME per kg of gain oor loss (Webster, 1978; 
A.R.C., 1965) gives a daily weight gain of 0.5 kg during the 
primary wet season and 0.4 kg during the secondary wet 
season. Cattle lose 0.1 kg per day during the mid-season and 
0.2 kg during the dry season. A summation of the seasonal 
liveweight changes results in annual liveweight gains of 73 
kg. The daily weight gains of 0.4 to 0.5 kg are within the 
range 0.0 to 0.7 kg observed by other experimenters with 
grazing cattle (Oyennga 1966; Crowder and Chheda 1977; Antwi 
and Addei, 1977). Liveweight losses during the dry season 
are low compared to those obtained for cattle in the Tamale 
and Bawku districts. This may be explained by the fact’ that 
animals eat more during the dry season and expend less 
energy in daily activities in the Techiman district as 
compared to the previous districts. The overall annual 
weight gain of 73 kg is however, higher than the range of 45 
to 68 kg found for grazing animals on savanna-type grazing 
lands (Smith 1965). 

One may argue that the 73 kg gain in weight is a 
theoretical value which could be achieved under conditions 
of good animal health and the level of feed intake and 
degree of animal activities estimated for the Techiman 
district. The factors which operate against the achievement 
of this level of productivity in the Techiman district as 
well as in the previous case study districts of Tamale and 


Bawku will be treated more fully in the next section. 
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4. DISCUSSION 

The predicted liveweight gains by 3-year-old female cattle 
from the case studies and experimental and field 
observations of liveweight gains by cattle in the three 
Savanna study zones of West Africa are summarized in Table 
4.1. The cattle in the various districts were predicted to 
gain between 28 and 79 kg per year. Rose Innes (1966) 
observed that cattle grazing coastal ee. (Guinea savanna 
zone) in Ghana gained 0.14 kg/day on a yearly basis while a 
similar level of performance was achieved in northern 
Nigeria (Sudan savanna zone) by cattle which grazed 
rangeland by day and stylo pasture by night (Leeuw, 1971 as 
cited by Crowder and Chheda, 1977). At the IEMUT Bouke 
station in the Ivory Coast (Derived savanna zone) WN’ dama 
bulls stocked at 0.5 head/ha annually gained 0.24 kg/day 
with daytime grazing of natural pastures oversown with styilo 
(Letenneur, 1971 as cited by Crowder and Chheda, 1977). The 
annual liveweight gain was therefore about 90 kg which is 
slightly more than the liveweight gain predicted for female 
cattle in the Techiman district of Ghana (Table 4.1). 

Several reasons may be advanced for the differences 
between actual and predicted liveweight gain values. Some of 
these differences may be related to the limitations of the 
energy budget methodology. The accuracy with which estimates 
of animal energy budgets may be made depends on _ the 
reliability and completeness of the data used. Assumptions 


were made about the levels of feed intake and the energy 
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values of feeds and of liveweight gains and losses. Disease 
and cattle breed factors were not taken into account in the 
calculations. The direct climatic (heat) effect on the 
cattle was not incorporated in the present calculations. 
Furthermore, because of lack of specific data related to the 
case study zones some subjective estimates had to be made 
especially for the quality of feed consumed by cattle, the 
digestibility of the feeds and the type and amounts of daily 
activities of the animals. 

The critical factor affecting animal performance’ in 
terms of liveweight gains was metabolizable energy (ME) 
intake. This is directly related to the voluntary feed 
intake and the metabolizability of the feed. Although it has 
been assumed in the present study that cattle consume 
between 2. and % of their body weight equivalent of dry 
matter, under practical conditions the voluntary feed intake 
may vary even more among breeds and from season to season 
under changing pasture conditions. Apart from the _ physical 
and chemical characteristics of the feed, the environmental 
constraints on the animal such as disease and hot 
temperatures can reduce appetite and consequently the amount 
of feed consumed and the level of productivity (Lytle and 
Messing, 1976). For example, in a study in Australia by 
Frisch (1976), the control of ectoparasites (ticks) resulted 
in increased liveweight gains and accounted for 40% of the 
difference in field liveweights between Hereford x Shorthorn 


and the more tick-resistant Brahman x Shorthorn cattle. 
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Increased weight gain of a lesser magnitude was estimated 
for anthelmintic treatment against gastro-intestinal 
parasites, control of "pink-eye" disease and amelioration of 
high ambient temperature and solar radiation (Frisch, 1976). 

There is the possibility that among the cattle breeds 
in West Africa, unselected animals could have lower daily 
liveweight gains relative to the predicted rates of 
liveweight gain obtained in the estimated energy budgets. 
Warwick and Cobb (1976) have summarized evidence on genetic 
variability in the maintenance energy requirements of cattle 
and concluded that although the information was scanty and 
somewhat conflicting it nevertheless strongly suggested the 
existence of such variability. Thus, the basal metabolism of 
the West African Shorthorn, Sanga or White Fulani could be 
lower than that previously assumed. The majority of Zebu 
cattle, as well as cattle native to Africa, are considered 
to have lower maintenance energy requirements per unit of 
body mass (McDowell, 1972). This may be related to their 
generally smaller mature body mass. Genetic differences 
within breeds in carcass composition with regard to 
different proportions and rates of fat and protein 
deposition would also alter the energy value of unit gain or 
loss in liveweight. Furthermore, liveweight loss from 
undernourished animals is largely as fat and muscle with 
bone contributing an insignificant part (Robinson, 1948; 
Seebeck and Tulloh, 1968; Seebeck, 1973; Price, 1976). For 


the present a single energy value of 20 Mu/kg_ liveweight 
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gain or loss is used as there is no specific datum available 
to enable one to make more precise adjustments’ for 
liveweight changes. 

Cattle will] normally harvest forage of better 
nutritional value than that indicated from proximate 
analysis of mechanically cut samples (McKay and _  Frandsen, 
1969). Cattle also increase the number of their grazing 
bites and the time spent grazing in order to compensate for 
the sparseness of fodder and where feed is difficult to 
harvest (Stobbs, 1974). Stobbs (1974) found that cows. on 
pasture difficult to harvest, consistently graze more 
intensively at dawn. The management practices of peasant 

farmers, especially those involving Kraaling, in the West 
Ohepisiican Savanna zones prevents cattle from grazing during 
dawn hours and forces the animals to attempt to graze during 
parts of the day that are hot and with high solar radiation. 
The liveweight losses in cattle during the dry season appear 
to be inevitable under present management practices = and 
contribute to the overall low productivity of grazing cattle 
in the region. 

What steps can be initiated to improve the _ beef 
production systems that prevail in the savanna regions of 
West Africa? The problem of _ livestock production in 
developing countries is, according to Pawley (1970), "the 
need and also the difficulty of transforming a_ traditional 
industry into a_ price-oriented market economy." A primary 


factor in achieving any transformation is the need to 
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strengthen domestic marketing for both meat and milk = which 
would then serve as incentives to the farmer to change 
management practices and increase production. For any change 
to be practical, effective and adopted by nomads and other 
cattle owners, the changes must make sense to the cattle 
owners (Riney, 1970). There is therefore the need to 
undertake meaningful surveys and analyses to understand the 
socio-economic factors operating within the cattle producing 
rural communities. The production of beef from traditional 
systems will probably continue to play a dominant role in 
the meat supply of West African countries for some time. 

At the village level, one means of solution would be 
the provision of avenues whereby cattle owners will find it 
more expedient to sell off their excess stock and keep only 
reasonable number s of animals for reproduction. The 
technical objectives of a much needed extension programme 
would be to encourage a build-up of productive breeding 
herds and at the same time upgrading these herds by 
selective breeding with suitable cattle breeds that possess 
faster growth rates. Since in many areas (the universities 
and research centers may be the exception) no breeding 
records are kept, successful change will require increased 
education and modification of traditions. The use of 
productive sires provided by, for example, the research 
institutions is one area where, with relatively little 
expense, rapid progress could be made. This may be done on 


an exchange basis where relatively unproductive bulls from a 
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traditional herd may be exchanged for the genetically 
Superior sires. 

Another development which could be interrelated with 
the above, is the use of commercial feedlots for growing and 
Finishing of cattle. Although sugarcane is not presently 
cultivated in West African countries for cattle feed, a 
majority of these countries are well suited for such a 
venture. Latin American studies (Preston, 1974, 1976; 
Montpellier and Preston, 1976) have given indication of 
Sugarcane utilization for intensive cattle feeding. Feedlot 
trials in Kenya (Creek et al., 1976) have also given very 
favourable results from the use of Sugarcane as cattle feed. 
Daily liveweight gains of between 0.6 and 1.0 kg have _ been 
achieved using local cattle breeds and crosses with European 
breeds (Creek et al., 1976). Similarly the use of banana 
tops for intensive beef feeding also could have potential in 
the more humid areas which favour production of bananas. In 
the arid regions of West Africa it might however be 
appropriate to utilize crops like sorghum and cassava_ for 
intensive beef production. Pilot schemes designed to test 
the viability of such enterprises could be started 
relatively easily. However, if proven technically viable, 
problems likely to be encountered would be in terms. of 
capital investment and operating costs for large commercial 
enterprises. 

Even in a modified form, the above schemes could be 


effective in providing a year round feed supply for cattle 
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and still be acceptable to the traditional livestock farmer. 
Of significance to West African cattle production would be 
the decrease in the dry season liveweight losses = and 
consequent increase in overall productivity of beef cattle 
in the savanna areas. Furthermore, because the low 
productivity of cattle in these savanna areas is closely 
tied with the socio-economic conditions that exist in rural 
communities, it iS imperative that governments should make 
genuine efforts to improve the standard of living conditions 
of these people in order to facilitate adoption of better 


cattle management techniques. 
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